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INTRODUCTION 


On  December  24,  1970,  the  President  of  the  United  States  of 
America  signed  into  law  the  Geothermal  Steam  Act.  This 
legislation  authorized  the  Secretary  of  the  Interior  to 
issue  leases  for  the  development  and  utilization  of  geothermal 
steam  and  associated  geothermal  resources.  Pursuant  to  the 
national  Environmental  Policy  Act  of  1969,  the  Secretary 
prepared  an  Environmental  assessment  (Impact  Statement)  on 
the  proposed  program  and  alternatives.  The  draft  document 
was  released  for  public  comment  in  October  of  1971.  After 
receiving  comments  and  making  required  revisions,  the  final 
"Environmental  Statement  of  the  Geothermal  Leasing  Program*1  . 

was  released  in  October  of  1973. 

One  of  the  major  recommendations  for  the  mitigation  of  possible 
adverse  environmental  impacts  was  to  prepare  an  environmental 
assessment  of  the  specific  area  proposed  for  leasing.  The 
following  Environmental  Analysis  Record  is  submitted  in 
compliance  with  this  recommendation.  To  identify  possible 
mitigating  measures  relative  to  the  specific  geographic  area 
under  consideration. 

Some  decisions  concerning  land  use  have  been  made  within  the 
Bureau  of  Land  Management  (BLM)  planning  system.  Areas  in 
which  leasing  is  not  acceptable  and  should  not  be  permitted 
at  this  time,  are  identified  and  are  not  treated  by  this 
Environmental  Analysis  Record  (EAR),  Appendix  B. 

The  decision  not  to  lease  these  areas  at  this  time  is  a 
result  of  apparent  conflicts  with  data  contained  in  Management 
Framework  Plan  (MFP)  and  Unit  Resource  Analysis  (URA)  which 
are  the  BLM  Land  Use  Documents.  The  MFPs  and  URAs  at  the 
present  time  have  not  fully  analyzed  this  resource.  When  these 
documents  are  updated  to  include  this  data  excluded  areas  will 
be  re-examined. 
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II 


DESCRIPTION  OF  THE  PROPOSED  ACTION 


Lease  federally  owned  geothermal  resources  in  the  Shoshone 
Resource  Area. 

Four  stages  of  implementation  have  been  identified.  It  should 
be  noted  that  under  some  conditions,  the  potential  for  overlap 
of  various  stages  does  exist  >  Appendix  A. 

A.  Exploration  includes  all  activities  from  the  decision  to 
explore  for  a  geothermal  field  through  the  drilling  of  one 
or  more  large  diameter  deep  exploration  borings  which  will 
have  the  potential  to  be  used  production  or  waste  disposal 
wells.  The  discrete  operations  are: 

1.  Airborne  exploration 

t 

2.  Off-road  vehicular  travel 

3.  Road  and  trail  construction 

4.  Drilling/seismographing 

5.  Rehabilitation 


B.  Development  includes  all  activities  after  determination 
of  a  useable  geothermal  resource  exists  in. the  area  up 
till  such  time  as  actual  commercial  production  of  power 
begins . 

The  discrete  operations  are: 

1.  Road  construction  and  improvement 

2.  Drilling  Operations 

3.  Plant  construction  and  development 

4.  Electric  transmission  lines 

5.  Construction  camp 

C.  Operations  includes  all  activities  after  commercial  pro¬ 
duction  of  power  begins  through  the  period  that  facilities 
are  "on  line"  till  such  time  as  the  site  is  no  longer  viable 
and  abandonment  begins.  The  discrete  operations  are: 
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1.  Production 

2.  Maintenance 

3.  Waste  disposal 

4.  Expansion 

D.  Abandonment  includes  all  activities  that  are  related  to 
removal  of  surface  and  subsurface  equipment  and  reclama¬ 
tion  and  rehabilitation  of  the  site.  The  discrete  opera¬ 
tions  are: 

1.  Removal  of  physical  plant 

2.  Surface  reclamation  and  restoration 

III.  DESCRIPTION  OF  ALTERNATIVES 

For  a  discussion  of  alternate  energy  sources  and  their  impacts 
on  the  overall  environment,  see  the  discussion  in  Volume  I  of 
Final  Environmental  Statement  for  the  Geothermal  Leasing 

Program,  USDI,  1973. 

Some  lands  have  been  excluded  from  consideration  in  this  EAR. 
The  specific  alternates  identified  for  non-excluded  lands  are 
as  follows:  ✓ 

Lease  only  those  portions  of  the  resource  area  upon  which 
impacts  will  be  minimal. 

Lease  only  as  may  be  required  to  honor  grandfather  rights  (as 
defined  in  43  USC  3230). 

Do  not  allow  leasing  of  any  of  the  lands  within  the  resource 
area. 

IV.  DESCRIPTION  OF  THE  EXISTING  ENVIRONMENT 
A.  Non-Living  Components 

1.  Air 


Analysis  of  the  steam  produced  at  present  at  Beowawe 
is  given  in  "THE  CHEMICAL  C0MP0SIT0N  AND  ESTIMATED 
MINIMUM  THERMAL  RESERVOIR  TEMPERATURES  OF  THE  PRINCIPAL 
HOT  SPRINGS  OF  NORTHERN  AND  CENTRAL  NEVADA  USGS" 

Open  file  report,  May  1974. 
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Gases  and  vapors  produced  at  the  hot  springs  in  Buffalo 
Valley,  at  Hot  Springs  Point  and  at  Little  Hot  Springs 
Point  in  Grass  Valley  are  believed  to  have  been  analyzed 
by  the  University  of  California  Berkley  Laboratory  for 
the  AEC.  Results  of  analysis  are  not  available  at  this 
writing.  To  the  writer  ’  s  knowledge,  no  analysis  has 
been  made  to  date,  of  the  gas  emitted  at  the  hot  springs 
in  Smith  Creek  Valley.  The  springs  emit  some  gases  and 
a  slight  sulfurous  odor  was  noted  upon  field  examination. 

(For  a  discussion  of  toxicity  levels,  see  FINAL  ENVIRON¬ 
MENTAL  STATEMENT  for  the  GEOTHERMAL  LEASING  PROGRAM, 

USDI,  Vol.  1,  Page  111-114  (1973.) 

a.  Air  Movement  Patterns 

The  prevailing  surface  winds  are  from  the  west-south¬ 
west.  An  occasional  invasion  of  cold  arctic  air  can 
bring  northerly  winds  and  extremely  cold  temperatures. 
The  area  is  subject  to  winds  of  gale  force  throughout 
the  year.  Throughout  the  year,  locally  intense 
winds  and  large  dust  devils  may  pick  up  dry  topsoil 
and  sand  to  cause  localized  dust  storms  and  lessen 
visibility.  Visibility  may  be  reduced  to  less  than 
one  half  (1/2)  mile  under  these  conditions. 

•  Air  inversion  conditions  can  and  do  exist  in  the 
valleys.  Air  quality  is  generally  good  at  present. 
There  are  no  air  quality  monitoring  stations  within 
the  area. 

b.  Temperature 

Temperature  variations  encountered  are  typical  of 
northern  desert  areas  far  removed  from  the  tempering 
influence  of  large  bodies  of  water.  During  mid¬ 
summer,  temperature  variations  in  excess  of  50  F 
(28  C)  can  be  expected  within  a  24-hour  period  with 
high  temperatures  of  100°  -  105°F  (32°  -  41°C) 

common.  During  the  coldest  winter  months,  a  24- 
hour  temperature  variation  of  35  F  (20  C)  is  not 
uncommon.  Maximum  winter  temperatures  can  be  expected 
to  range  from  0°F  (-18°C)  to  55°F  ^13°C)  and 
minimum  temperatures  of  -20  F  (-29  C)  are  not  un¬ 
common  in  the  valleys . 
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c.  Particulate  Matter 

No  studies  of  suspended  particulate  matter  have 
been  made  to  date  in  this  area.  Dust,  due  to 
windstorms  is  by  far  the  predominant  suspended 
particulate  matter  encountered.  Areas  adjoining 
mining  and  farming  operations  are  particularly 
dusty  at  times. 

d.  Fumes  and  Noxious  Gases 

Sulphur  dioxide,  hydrogen  sulphide,  and  related 
products  are  released  to  the  atmosphere  by  some  of 
the  hot  springs.  The  quantities  are  considered  to 
be  insignificant.  Release  of  methane  at  these 
sites  is  not  known  at  present,  but  quantities,  if 
any,  are  minute.  No  comprehensive  data  is  available 
on  the  level  of  concentration,  a  real  extent  or 
persistence  of  carbon  monoxice,  hydrocarbons  and 
nitrogen  ocides.  Small  amounts  of  each  are 
dispelled  by  vehicles  traveling  Interstate  Highway 
80,  US  Highway  50,  Nevada  State  Highways  2,  8A,  and 
21,  as  well  as  those  produced  by  machinery  and 
vehicles  used  in  ranching,  farming,  and  mining  opera¬ 
tions.  Pollutants  contributed  by  aircraft  in  this 
area  are  insignificant  at  present. 

e.  Airborne  Radiological  Contaminants 
Unknown,  but  probably  insignificant. 

f .  Ionizing  Radiation 

Unknown.  It  is  to  be  expected  that  the  normal  back¬ 
ground  counts,  as  controlled  by  the  varied  eleva¬ 
tions  will  be  encountered. 

g.  Non-ionizing  Radiation 

Unknown,  but  probably  insignificant. 

2 •  Land 


a.  Soil 


Soils  in  the  Battle  Mountain  District  are  variable 
due  to  differences  in  combinations  of  environmental 
factors  responsible  for  their  formation. 
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They  are  divided  into  gravelly,  sandy,  clayey,  and 
loamy  on  the  basis  of  texture  and  into  alkali 
and  non-alkaline  soils  on  the  basis  of  chemical  com¬ 
position.  Soil  texture  is  chiefly  due  to  the 
mechanical  sorting  of  sediments  at  the  time  they 
were  deposited  by  wind  or  water.  The  presence  of 
large  amounts  of  alkali  salts  is  due  to  the  concen¬ 
tration  of  these  salts  by  evaporation  of  surface  or 
ground  waters.  Saline  soils  are  almost  never 
found  where  the  drainage  is  good. 

Gravelly  soils  are  found  chiefly  on  the  lower  slopes 
of  the  mountains  and  alluvial  fans.  Their  extension 
into  the  valleys  is  dependent  upon  the  streams 
that  built  the  fans.  Soils  in  the  lower  part  of  the 
valleys  are  composed  largely  of  clay  and  fine  silt 
that  has  been  deposited  by  quiet  water  or  water 
relatively  little  movement.  Due  to  the  high  content 
of  clay,  these  soils  have  a  tendency  to  bake  when 
they  become  dry.  Where  these  soils  are  found,  the 
water  table  is  usually  only  a  short  distance  below 
the  surface,  thus  alkali  salts  have  been  accumulated 
on  the  soil  surface  by  evaporating  ground-water. 

In  the  mountainous  areas,  soils f range  from  sierozems 
at  lower  elevations  to  prairie  soils  at  higher 
elevations.  In  the  valleys,  sierozem,  alluvial, 
desert,  calicicoles,  solonetz,  solonchaks,  calcium 
carbonate  solonchaks,  and  small  areas  of  humic  clay 
soils  are  generally  present.  Some  phases  of  great 
soil  groups  that  are  extensive  include  the  following: 

Soils  on  Basin  Lowlands  and  Floodplains 

Alluvial :  Deep,  medium  to  fine-texture,  salineand 
alkaline,  moderately  well-drained,  deep  coarse-tex- 
tured,  excessively-drained  (soils  of  coarse  lacus¬ 
trine  shoreline  deposits). 

Solonetz :  Deep,  moderately  fine  to  fine-textured, 
saline-alkali  imperfectly  drained. 

Calcium  Carbonate  Solonchalc:  Deep  to  moderately 
deep,  medium  to  fine  textured,  saline-alkali, 
poorly  drained. 
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Calcicole :  Shallow  to  moderately  deep,  gravelly 

medium- textured,  well  drained. 

Soils  on  Mountainous  Uplands 

Sierzen :  Moderately  deep,  stony  and  gravelly, 
medium-textured,  well  drained. 

Brown:  Moderately  deep  to  deep,  stony  and  gravelly, 
medium-textured,  well  drained. 

Chestnut :  Moderately  deep  to  deep,  stony  and  gravelly, 
medium- textured,  well  drained. 

Prairie :  Moderately  deep  to  deep,  gravelly  medium 
textured,  well  drained. 

Regosol:  Deep  to  moderately  deep,  gravelly  and 
stony,  coarse  to  medium  textured,  somewhat  exces¬ 
sively  drained. 

b.  Geology 

The  physiography  of  the  area  is  typical  of  the  basin 
and  range  physiographic  province  (Fenneman,  1930), 
with  alternating  north-south  trending  mountain 
ranges  and  long  narrow  valleys .  Playas  occupy 
the  lower  portions  of  many  of  the  valleys. 

Geologic  structures  in  Nevada  are  extremely  complex. 

The  entire  Shoshone  Resource  Area  lies  in  the  area 
covered  by  the  upper  plate  of  the  Roberts  Mountains 
Thrust,  and  subsequent  deformation  and  erosion  has 
resulted  in  localized  removal  of  the  plate  exposing 
rocks  of  the  lower  plate  in  windows.  The  mountain 
ranges  are  generally  fault  block  mountains  that  have 
been  interpreted  as  horsts  and  tilted  blocks. 

The  intermontane  basins  are  filled  with  Quaternary 
lake  sediments  whose  depth  may  vary  from  a  few  feet 
to  several  thousand  feet  (Mineral  and  Water  Re¬ 
sources  of  Nevada,  Nev.  Bur.  Mines  Bull.  65). 

Rocks  of  all  major  periods  of  geologic  time  are 
exposed  in  the  area.  These  include  questionable 
Precambrian  schists  and  granites;  Paleozoic  and 
early  Mesozoic  marine  sedimentary  and  interbedded 
volcanic  rocks;  and  late  mesozoic  and  Cenzoic. 
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Two  faces  of  early  paleozoic  rocks  are  present; 
and  eastern  facies  consisting  predominantly  of 
carbonate  rocks,  but  including  some  fine-grained 
clastic  sedimentary  rocks,  orthoquartzites,  and 
minor  amounts  of  chert;  and  a  western  facies 
consisting  of  clastic  sedimentary  rocks,  meta- 
volcanic  rocks,  and  cherts.  The  late  Paleozoic 
to  middle  Mesozoic  strata  include  carbonate  and 
clastic  sedimentary  rocks  with  varying  amounts  of 
interlayered  meta  -  volcanic  rocks.  No  late 
Jurassic  or  younger  marine  sedimentary  rocks  are 
known  in  Nevada.  Known  Cretaceous  rocks  are  lake 
sediments,  principally  shale,  graywacke,  and  conglo¬ 
merate. 

Thick  volcanic  sequences  and  interbedded  lake 
sediments  of  Tertiary  age  cover  much  of  Nevada. 

Early  Tertiary  volcanic  rocks  are  in  most  areas, 
unconformably  overlain  by  volcanic  rocks  of  late 
Miocene  and  early  Pliocene  age  which  in  part,  inter¬ 
tongue  with,  and  in  part  underlie,  extensive  early 
Pliocene  lake  sediments.  These  fresh  water  sedi¬ 
ments  include  marl,  tuff,  diatomite,  shale, 
sandstone,  and  conglomerate.  They  are  overlain 
by  volcanic  rocks  of  late  Pliocene  and  early 
Quaternary  age.  Elsewhere  in  northern  Nevada 
(Giannella,  1936,  p.  64-65;  Thompson,  1956,  p.  52-54). 
Late  Tertiary  and  Quaternary  rhyolite  domes,  basalt 
plugs,  and  mafic  to  felsic  dikes  cut  the  older 
rocks . 

*r 

Granitoid  rocks  are  common  throughout  most  of  this 
area.  They  range  in  composition  from  alaslciteto 
gabbro,  but  quartz  monzonite  and  granodiorite  are 
most  abundant.  Two  periods  of  intrusive  activity 
seem  to  be  represented.  The  most  widespread 
period  started  in  the  late  Mesozoic  and  continued 
into  the  very  early  Tertiary  (Lindgren,  1915) ; 
the  intrusions  are  progressively  younger  from  west 
to  east.  Rocks  of  the  second  period  of  intrusion 
are  of  probable  late  Oligocene  or  early  Miocene 
age. 

The  Basin  and  Range  physiographic  province  is  an  area 
of  high  heat  flow,  believed  to  result  from  near 
melting  conditions  in  the  lower  crust  and  upper 
mantle. 
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The  west-central  and  north-central  areas  of  Nevada 
have  higher  hot  spring  temperatures  (Koenig,  1970) 
and  are  regions  of  greater  than  normal  heat  flow. 

An  area  of  conspicuously  higher  heat  flow,  called 
the  "Battle  Mountain  High",  is  located  in  north- 
central  Nevada. 

* 

The  Battle  Mountain  High  has  an  indicated  average 
heat  flow  of  about  three  heat  flow  units  (two 
heat  flow  units  are  about  average  for  Nevada) ,  but 
the  thermal  gradients,  which  range  from  30  to  60  C/km 
(about  2 . 6-4 . 3°F/100  ft.)  are  not  as  high  as 
might  be  expected,  because  of  relatively  high  thermal 
conductivities  of  the  rocks  in  this  area  (White,*  1973). 
The  Battle  Mountain  High  may  be  the  result  of 
fairly  recent  intrusion  of  magma  into  the  earth’s 
crust.  The  Quaternary  volcanism  x^ithin  the  region 
suggests  that  this  view  is  reasonable  (Sass  and 
others,  1971). 

In  many  areas  of  the  world,  hot  springs  and  other 
high-temperature  phenomena  such  as  fumoroles  are 
associated  with  geologically  young  igneous  rocks, 
commonly  less  than  5  million  years  old.  Young 
volcanic  rocks  or.  active  volcanoes  at  the  earth's 
surface  often  indicate  that  hotter  bodies  of  rock 
or  fluid  magma,  are  present  below,  in  the  upper 
part  of  the  earth's  crust. 

Nevada  lies  in  the  center  of  a  large  province  of 
Cenozoic  volcanic  rocks.  Although  many  of  these 
rocks  are  10  to  30  million  years  old,  younger 
volcanic  rocks  are  found  in  many  areas. 

In  the  Shoshone  Resource  Area,  young  volcanic 
rocks  are  found  in  northern  Lander  County  in  the 
Battle  Mountain  area,  as  well  as  in  a  number  of 
other  areas. 

Many  of  the  numerous  hot  springs  occur  along  major 
faults  which  bound  the  mountain  ranges.  The 
basin-and-range  pattern  of  linear,  north-south¬ 
trending  mountain  and  valley  blocks  is  a  result  of 
these  faults.  The  ground  water  in  the  valleys 
often  circulates  to  considerable  depths  along 
some  of  these  fractures,  and  is  heated  by  the 
hotter  rocks  found  at  these  depths. 
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If  one  knows  the  approximate  geothermal  gradient, 
the  depth  of  circulation  of  ground  water  can  often 
be  estimated  from  water  temperatures  of  springs 
(assuming  little  cooling  has  taken  place  as  water 
ascends  to  the  surface) .  The  ground  water  under 
many  of  the  valleys  is  measured  in  the  millions 
of  acre  feet  per  basin.  (Hydrologic  Atlas  of 
Nevada,  Nevada  Bureau  of  Mines) . 

Only  in  the  last  decade  have  serious  attempts  been 
made  to  exploit  the  geothermal  resources  as  a 
source  of  power.  Exploratory  drilling  in  13  geo¬ 
thermal  areas  took  place  in  the  period  between 
1959  and  1965.  Although  many  of  these  wells  were 
less  than  1,000  feet  in  depth,  temperatures  of 
300  F  to  400  F  were  encountered  in  several  areas. 

At  least  four  wells  were  drilled  to  depths  of 
more  than  3,500  feet. 

The  sessation  of  exploratory  drilling  in  the  mid- 
1960' s  was  due  in  large  part  to  the  problems  of 
leasing  on  federal  land.  The  geothermal  resources 
appear  to  be  mainly  in  hot  water  systems  rather 
than  dry  steam,  and  interest  in  this  type  of 
field  was  low  in  the  early  part  of  the  1960’s. 
Today,  with  changes  in  energy  supply  and  invest¬ 
ment  attitudes,  exploration  is  once  again  being 
carried  on  for  geothermal  power.  Drilling 
activity  recently  has  been  limited  to  holes  for 
temperature  gradient  measurements.  However, 
Standard  Oil  Company  of  California  and  American 
Thermal  Resources  began  a  well  in  January  of 
1974  near  the  Beowawe  geothermal  area,  the  first 
well  in  Nevada  since  the  mid-1960's. 

Because  most  of  Nevada  is  federal  land,  exploration 
companies  have  been  reluctant  to  drill  in  areas 
where  they  cannot  control  a  reasonable  surrounding 
acreage.  The  leasing  of  privately  owned  land  has 
increased  over  the  past  year. 

Table  #1,  attached,  is  a  tabulation  of  known 
exploratory  drilling  in  the  Shoshone  Resource  Area. 

It  should  be  noted  that  all  of  these  old  borings 
have  been  made  in  or  immediately  adjacent  to  known 
hot  spring  areas. 
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TABLE  #  1  -  Past  Drillin^in  the  Shoshone  Resource  Area 


Open  lor 

Nam* 

.. 

Location 

Depth 

Minimum  Spring 
Temp.  (°F) 

Minimum  Well  • 
Temp.  (°F) 

Completion 

Date 

Re  mark  t 

Beowjwe  Geystn  / 

- - - 

- 

l 

205 

414 

• 

Magma  Power  Co.  / 

Eeowawe  No.  1 

NE/4,SE/4.NW74.S17.T32N,R48E 

1918 

1959? 

Hot  water  with  5*105 

Magna  Power  Co  / 

Beowawe  No.  2 

S  E/4  ,S  W/4 ,  N  W/4  ,S17,T32N,R4£E 

715 

1959? 

steam  flashover.  Probiena 

Vulcan  Thermal  Power  Co.  / 

Vulcan  No.  1 

NV.74.SW74  ,NW/4 .  S 1 7.T3  2  N.  R4  8  E 

715?  ’ 

1961 

of  scaling  and  cold 

Vulcan  Thermal  Power  Co.  /  . 

Vulcan  No.  2 

CSE/4.NW/4.S17.T32N.R4SE 

655? 

V  * 

•  1951 

Inflow, 

Vulcan  The  i  nil  Power  Co.  / 

Vulcan  No.  3 

NE/41SW/4,NW74,S171T32N,R48E 

795  or  715 

• 

1961 

Vulcan  Thermal  Power  Co.  / 

Vulcan  No.  4 

S177.T32N.R4CE 

767  , 

• 

1961 

Vulcan  Thermal  Power  Co.  / 

Vulcan  No.  5 

S177.T32N.R4CE 

237  j 

1963? 

Vulcan  Thermal  Power  Co. 

Vulcan  No.  6 

N  W/4 W74  ,N  E/4  ,S  1 7,T3  2N,R4  SE 

478  ! 

• 

1963 

Siena  Pacific  Powei  Co.f?) 

Siena  No.  1 

S177.T32N.R48E 

927  i 

• 

1954? 

Siena  Pacific  Power  Co.(?)3 

Siena  No.  2 

S177.T32N.R4EE 

397 

- 

1954? 

Siena  Pacific  Pcuer  Cc.Or 

Siena  No.  3 

NW74.SE/4.NW74.S17.T32N.R4SE 

2052 

• 

1964? 

% 

Siena  Pacific  Power  Co.f?)3 

Siena  No.  4 

NW74.NE/4.NW/4.S17.T32N.R48E 

1C05 

1954? 

ChervorcAnerican  Thermal  Res. 

Cinn  No.  1*13 

C,SE/4,SE/4,S13,T31N,R47£ 

- 

- 

Hoi  Springs  Point  (Crescent  Valley) 

122 

16$ 

• 

Magma  Power  Co. 

Hot  Springs  Point 
No.l(y> 

\ 

S1.2,  or  1 1,T29N,R4EE 

t 

410 

•  • 

• 

1965 

Rot  arzUS. 

f 

From  Geothermal  Exploration  &  Development  in  Nevada,  through  1973  - 
Dept.  P  21,  Nev.  Bur.  of  Hines  and  Geology  -  1973 


Mineral  resources  in  the  area  include  gold,  silver, 
iron,  barite,  copper,  arsenic,  mercury,  turquoise, 
and  gravel  and  dimension  stone. 

c.  Land  Use  Suitability  and  Compatibility 

Existing  land  uses  are  reasonably  compatible 
with  adjacent  lands.  The  principle  activities 
in  the  area  are  mining,  livestock,  grazing,  and 
some  irrigated  farming  in  Buffalo  Valley,  Antelope 
Valley,  Reese  River  Valley  and  Carico  Lake  Valley. 

Primitive  values  are  varied.  Four  small  areas  are 
under  consideration  for  primitive  or  limited  use 
areas.  The  resource  area  is  traversed  by  Interstate 
80,  U.  S.  50,  Nevada  State  Highways  2,  8A,  21; 
numerous  county  roads,  and  roads  and  trails 
resultant  from  mining  and  prospecting. 

Scars  on  the  hillsides  bear  evidence  of  mining 
activity  in  both  past  and  present.  A  few  major 
pipelines  and  one  major  overhead  utility  line 
cross  the  area.  Radio  relay  stations  are  located 
on  several  of  the  higher  points  and  Mt.  Lewis 
(just  south  of  Battle  Mountain)^ is  crowned  by  an 
FAA  radar  station. 

The  area  receives  incidental  off-road  vehicle 
use  by  prospectors,  rockhounds  and  during  hunting 
season.  Upland  bird  hunting  is  excellent  and 
intensive  use  is  made  of  the  public  lands  during 
the  open  season.  Additional  use  is  made  of  the 
public  lands  during  the  deer  season  and  an  occa¬ 
sional  predator  hunter  will  be  found. 

The  area  is  suitable  for  mining  and  associated 
exploration,  but  is  not  compatible  with  the  methods 
of  the  past  and  present  which  place  no  value  upon 
aesthetic  and  surface  uses  not  directly  related 
to  mining. 

Future  land  uses  are  affected  by  existing  zoning 
and  environmental  regulations. 
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Water 


a.  Hydrologic  Cycle 

The  Reese  River,  which  is  ephermal  from  Austin 
north,  runs  northward  and  joins  the  Humboldt  River 
near  the  town  of  Battle  Mountain.  Antelope  Valley 
drains  to  the  north  into  the  Reese  River  via 
Cane  Creek,  Boone  Creek,  Silver  Creek  and  Italian 
Creek  are  perennial  streams  "heading"  on  Public 
Domain  and  flowing  into  the  Reese  River.  Buffalo 
Valley  contains  a  playa  and  contributes  minor 
amounts  of  water  to  the  Reese  River. 

The  Reese  River  carries  considerable  silt  and  has 
deposited  this  load  to  where,  in  some  locations, 
the  river  channel  is  higher  than  adjoining  land. 

In  these  areas,  flooding  occurs  during  periods  of 
high  water. 

Flooding  has  occurred  along  the  Reese  River  during 
periods  of  unusually  high  water,  but  damage  has 
not  been  extensive  except  to  irrigation  structures 
and  roads;  however,  in  1910  and  1962,  the  Reese 
River  flooded  the' town  of  Battle  Mountain  causing 
considerable  damage.  The  1962  flood  was  caused 
by  a  high  intensity  rain  storm  which  occurred  while 
the  ground  was  frozen  and  the  result  was  massive 
runoff  and  considerable  damage.  The  lower  Reese 
River  is  an  intermittent  stream  which  flowing  water 
is  usually  found  only  during  spring  runoff  in  the 
wetter  years. 

Iowa  Creek  and  Hall  Creek  drain  northeast  into  Carico 
Lake  then  into  Crescent  Valley  and  into  the  Humboldt 
River  at  Beowawe,  Nevada.  In  the  closed  watershed 
of  Smith  Creek  Valley,  the  drainage  is  towards  a 
playa  located  in  the  east  central  portion  of  the 
valley.  Grass  Valley  is  a  closed  watershed 
containing  a  playa  in  the  northern  portion  of  the 
basin. 

In  addition  to  the  aforementioned,  major  drainages, 
there  are  several  small  creeks  or  drainages  which 
drain  directly  into  the  Humboldt  River.  Willow, 

Mill,  Trout,  Lewis,  Crum,  Fish,  Indian,  Hall, 

Cowboy,  Rest,  Skull,  Steiner  and  McClusky  Creeks 
flow  yearlong  during  normal  years. 
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Washington  Creek,  Cottonwood  Creek,  Tierney  Creek, 
Stewart  Creek  and  Big  Creek  all  have  yearlong 
flows  and  "head”  on  the  Toiyabe  National  Forest. 

Only  small  portions  of  the  lower  reaches  of  these 
streams  flow  through  sections  of  public  lands. 

According  to  the  Kumboldt  River  Basin  Report  No.  12 
of  1966,  the  gross  water  yield  of  the  Reese  River 
and  Crescent  Valley  Area  is  52,000  acre  feet  per 
year. 

Springs  are  scattered  throughout  the  area.  Many 
psrings  on  public  lands  have  been  appropriated, 
under  state  water  law,  by  the  livestock  operators. 

Average  precipitation  throughout  the  area  varies 
from  5  to  12  inches  per  year. 

The  State  Engineer  has  closed  Antelope  Valley  to 
further  water  appropriation.  For  a  discussion  of 
water  uses  in  this  area,  see  "Water  for  Nevada", 
State  of  Nevada  Water  Planning  Report. 

b.  Sediment  Load 

t-s 

As  previously  noted,  the  Reese  River  carries  a  heavy 
sediment  load  in  some  areas.  Sediment  loads  are 
generally  negligible  in  other  areas  except  during 
conditions  of  flash  flooding.  Little  quantitative 
data  is  available  on  sediment  loads. 

c.  Dissolved  Solids 

Little  quantitative  data  is  available  on  dissolved 
solids  in  water  throughout  the  area.  The  Hydrologic 
Atlas  of  Nevada  (Nevada  Division  of  Water  Resources, 
1971)  indicates  that  less  than  1000  ppm  of  dissolved 
solids  is  likely  throughout  the  area  in  spring  and 
well  water.  The  water  presently  being  emitted  at 
hot  springs  throughout  the  area  is  suitable  for 
and  is  commonly  used  for  watering  livestock. 

d.  Chemicals,  Heavy  Metals  and  Toxic  Substahccs 

No  known  data  available. 
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e.  Nutrients,  Solid  Debris,  Coliform  Contaminants 

No  known  data  available,  though  coliform  contamina¬ 
tion  and  nutrients  can  be  expected  to  be  high 
as  a  result  of  livestock  usage. 

f .  Acid  Balance  (ph) 

Not  known  at  present.  Laboratory  determinations  by 
USGS  and  AEC  are  being  done  at  present  for  the  geo¬ 
thermal  waters. 

g.  Dissolved  Oxygen 
No  known  information  on  ground  water. 

h.  Temperature 

Temperatures  at  some  of  the  geothermal  sites  in 
the  area  are  tabulated  below: 

SPRING  TEMPERATURE 
98°C. 

Valley)  65°C. 

72°C. 

72°C. 

49°C. 

Unknown  (Hot) 

39° 

32°C. 

B.  Living  Components 

1.  Terrestrial  Plants 


SITE 

Beowawe 

Hot  Springs  Point  (Grass 
Walti  Hot  Springs 
Spencer  Hot  Springs 
Buffalo  Valley 
Smith  Creek  Valley 
Valley  of  the  Moon 
Mound  Spring 


The  major  vegetation  types  are  grass,  sagebrush,  grease- 
wood,  saltbrush  and  pinion- juniper . 

The  vegetation  can  be  divided  into  the  following  types 
by  elevation  and  dominant  species  without  too  much 
overlap . 
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Flatland :  Greasewood  type  (4500  to  5000  feet)  - 
this  type  is  mainly  found  on  the  valley  floors  and 
varies  from  pure  stands  of  greasewood  to  mixtures  of 
greasewood,  shadscale,  rabbitbrush,  big  sage  and  winter 
fat.  The  understory  is  composed  of  giant  wild-rye, 
alkali  sacaton,  squirreltail  and  cheatgrass.  The  major 
forbs  are  peppergrass,  halogeton,  Russian  Thistle  and 
mustard.  The  "original”  appearance  of  this  type  was 
probably  less  greasewood,  rabbitbrush,  big  sage, 
shadscale  and  cheatgrass  and  more  winter  fat  and 
perennial  bunch  grasses.  Early  survey  records  show 
that  meadows  existed  along  the  water  courses,  but  these 
sites  are  now  supporting  brush  species. 

Shadscale  type  (5,000  to  5,300  feet)  -  This  type  is 
located  mainly  on  the  benches  and  low  foothills  and 
consist  of  shadscale,  big  sage,  rabbitbrush,  bndsage, 
hop  sage,  with  an  understory  of  squirreltail,  cheat- 
grass  ,  galleta  and  Indian  ricegr ass .  Some  of  the 
forbs  in  the  understory  are  wild  mustard,  halogeton  and 
primrose. 

This  shadscale  type  has  projections  of  the  next  higher 
type  (big  sage)  in  the  more  favorable  moisture  loca¬ 
tions  such  as  along  draws  and  washes.  The  original 
condition  of  this  type  is  not  known,  but  there  is 
evidence  that  bud  sage  and  cheatgrass  have  invaded  at 
the  expense  of  winter  fat  and  perennial  grasses. 

Big  Sage  Type  (5,000  to  10,000  feet)  -  this  type  takes 
in  most  of  the  foothills  and  mountains  in  the  unit  with 
the  exception  of  scattered  pinion- juniper  and  perennial 
grass  types.  Big  sage,  black  sage  and  small  amounts  of 
rabbitbrush,  service  berry,  snowberry,  mountain  mahogany 
make  up  the  shrub  cover.  Sandberg  bluegrass,  bluebunch 
wheat grass,  giant  wild  rye,  Idaho  fescue  and  cheatgrass 
make  up  a  large  portion  of  the  understory. 

Important  forbs  are  lupine,  balsamrott,  filaree  and 
buckwheat.  It  is  known  what  this  type  originally  looked 
like,  but  there  was  probably  a  greater  amount  of  peren¬ 
nial  grass. 

Pinion- juniper  type  (6,000  to  8,000  feet)  -  This  type 
is  found  in  localized  areas  throughout  the  unit. 
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Big  sage  and  rabbitbrush  are  intermixed  with  pinion 
pine  and  juniper.  Sandberg  bluegrass,  needlegrass 
and  cheatgrass  are  the  most  common  grasses  found  within 
this  type.  The  ground  cover  density  in  some  of  these 
areas  is  extremely  low  due  to  erosion  and  lack  of 
suitable  growing  conditions. 

Creek  Bottom  Type  (variable  elevation)  -  This  type  is 
within  the  big  sage  type,  but  because  of  favorable 
growing  conditions,  the  creek  bottoms  are  dominated  by 
a  dense  stand  of  willow,  chokeberry,  cottonwood  and 
aspen  in  the  higher  elevations. 

Perennial  grass  type  (8,000  feet)  -  There  are  isolated 
areas  which  are  mainly  perennial  grasses  and  grasslike 
plants  (rushes-sedges) .  High  mountain  meadows  and 
spring  aprons  make  up  most  of  these  areas.  They  are 
extremely  important  to  both  livestock  and  wildlife. 

Poisonous  plants  are  found  throughout  the  unit,  but  no 
major  livestock  losses  are  known  to  have  occurred 
because  of  them.  Lark-spur,  loco  weed,  halogeton, 
death  camas  and  chokecherry  are  some  of  the  poisonous 
plants . 

c* 

2.  Aquatic  Plants 

Two  factors  are  involved  which  regulate  the  species 
and  kind  of  plants  which  can  and  do  grow  near  hot  springs 
and  related  cold  water  springs:  (1)  the  ability  to 
withstand  extreme  and  unrelenting  grazing  pressure,  and 
(2)  the  ability  to  tolerate  saline  and/or  alkaline  soil 
and  water.  Because  these  water  sources  are  often  the 
only  surface  water  within  several  miles  (commonly  up  to 
five  miles)  both  wildlife  and  livestock  use  them  heavily. 
Livestock  use  is  dominant,  creating  a  barnyard  type 
environment  in  the  immediate  vicinity  of  the  spring. 

In  the  Shoshone  Resource  Area,  salt  grass  (Distichlis 
stricta)  is  the  dominant  species  in  these  areas. 

In  some  cases  the  water  is  either  too  hot  or  too  mineralized 
to  support  any  kind  of  higher  vegetation  at  the  water 
source.  Higher  forms  of  plant  life  occur  away  from  the 
water  sources  where  the  water  temperature  and/or  mineral 
content  is  reduced  to  a  tolerable  level.  In  springs  with 
relatively  low  water  temperatures  and  low  mineral  content, 
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cattail  (Typha)  and  bullrushes  (Juncus)  and  sedges 
(Carex)  are  present  if  the  area  is  large  enough  and 
wet  enough  to  prevent  their  being  grazed.  In  all 
instances,  with  increasing  distance  from  the  water 
source  and  consequent  decrease  in  grazing  and  trampling 
and  reduced  irrigation,  vegetation  gradually  reverts 
to  the  f latland-greasewood  type  described  above. 

3.  Animals  (Terrestrial  and  Aquatic) 

Attachment  I  is  a  list  of  vertibrate  wild  animals  found 
in  the  Shoshone  Resource  Area.  An  asterisk  indicates 
an  endangered  species.  BLM  and  USFS  authorize  livestock 
grazing  yearlong  throughout  most  of  the  Resource  Area 
on  federal  lands.  Cattle  are  the  dominant  species 
licensed.  Sheep  grazing  is  generally  confined  to 
spring,  fall,  and  winter.  Only  cattle  and  horses  use 
hot  spring  areas  intensely.^  Wild  horses  are  common 
throughout  the  Resource  Area. 

Many  and  varied  species  of  invertebrates  occur  throughout 
the  resource  area,  such  as,  insects,  mollusks,  spiders, 
beetles,  and  worms.  To  the  writer's  knowledge,  no 
inventory  has  been  conducted  for  these  lower  animals. 

Of  all  the  thermal  areas  in  the  resource  area,  only  one 
spring  in  Carico  Lake  Valley  supports  fish.  Several 
streams  in  tie  resource  area  support  self  sustaining 
populations  of  fish  while  others  are  stocked.  The 
species  found  in  the  Carico  Lake  Thermal  Area  is 
an  endemic  race  of  the  Lahontan  Speckle  Dace  (Rhinichthys 
osculus) ,  a  relic  fish  from  times  when  fresh  water 
lakes  filled  these  valleys. 

4.  Ecological  Relationships 

Man’s  influence,  direct  and  indirect,  is  responsible  to 
a  significant  degree  for  the  present  environment  as  it 
exists  in  the  Shoshone  Resource  Area. 

Ecological  interrelationships  in  this  area  and  have 
been  greatly  influenced  by  livestock  grazing  since  its 
introduction  into  the  area  on  a  large  scale  in  the 
middle  1800’s.  Except  where  livestock  have  been  excluded 
for  whatever  reason,  the  influence  of  grazing  is  and  has 
been  the  major  cause  of  ecological  change  over  this 
geographical  area.  Areas  of  livestock  exclusion  are  few 
and  generally  of  small  area. 
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Relationships  which  exist  within  such  processes  as  energy 
flow,  hydrologic  cycle,  and  nutrient  cycles  continue  to 
exist  though  specific  components  may  change  as  altera¬ 
tions  of  the  environment  occur. 

Available  moisture  and  temperature  are  critical  factors 
influencing  life  directly  and  indirectly.  The  period 
of  optimum  energy  for  plant  growth  lacks  adequate  soil 
moisture.  This  limits  plant  growth  which  in  turn  re¬ 
stricts  the  habitat  for  animals  dependent  upon  plants 
for  food  and  cover.  This  food-cover-habitat  relation¬ 
ship  is  particularly  evident  around  springs  and  other 
perennial  water  sources.  It  is  discussed  later  under 
this  section. 

Ecosystems  of  the  planning  unit,  both  aquatic  or  terres¬ 
trial,  are  very  complex.  The  most  diverse  populations 
of  wildlife  with  the  most  complex  interrelationships 
thrive  within  the  aquatic  areas. 

There  are  four  basic  levels  of  energy  and  nutrient 
consumption-production:  (1)  nutrient  sources,  . 

(2)  nutrient  producers,  (3)  nutrient  consumers,  and 
(4)  decomposers.  (See  Attachments) 

f  * 

Energy  is  transfered  from  one  level  to  the  next  by  the 
plants  using  water,  minerals  and  sunlight  to  grow;  by 
animals  eating  the  plants;  and  by  animals  eating 
animals.  The  amount  of  energy  transfered  decreases 
from  one  level  to  the  next  as  each  level  uses  energy 
for  growth  and  respiration.  The  energy  used  is  not 
transfered,  but  lost  to  the  next  level. 

Plants,  insects,  animals,  birds  all  return  to  the  energy 
source  through  the  decomposers.  All  levels  will  return 
waste  and  dead  organic  matter  to  the  land.  Decomposers 
(bugs,  worms,  larvae)  break  down  the  dead  matter  into 
simple  substances.  This  is  then  returned  to  the  energy 
source  and  made  available  for  reuse.  Each  plant, 
plant  eater,  or  meat  eater  is  dependent  upon  the  energy 
level  preceding  it  for  the  special  food,  water,  and 
cover  required  by  each  species.  The  removal  of  any 
component  (insect,  plant,  or  animal)  results  in 
the  loss  (to  the  next  level)  of  the  energy  contained  in 
that  organism.  As  a  result,  a  population  may  diminish 
through  a  decrease  in  food  supply. 
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The  ecosystem  can  be  altered  by  removal  of  vegetation 
or  rock  ledges.  The  affected  areas  become  uninhabitable 
to  existing  species  so  other  plants,  animals,  etc.,  move 
into  the  area  to  replace  them.  The  replacement  popula¬ 
tion  is  desirable  or  undesirable  depending  upon  the 
value  placed  upon  the  existing  situation.  Therefore, 
surface  disturbance  can  obliterate  historic  sites, 
decrease  environmental  equalities,  and  advance  or 
retard, natural  succession  by  many  thousands  of  years. 

Water  moves  through  an  ecosystem  in  a  different  way 
from  minerals.  This  movement  of  water  from  the  ocean 
to  atmosphere  to  land  and  back  to  the  oceans  is  known 
as  the  hydrologic  cycle.  Water  which  reaches  the 
soil  may  pass  through  and  leave  the  ecosystem  by 
way  of  springs,  streams  or  underground  channels. 

Any  surface  disturbance  effects  the  hydrologic  cycle. 
Runoff  from  these  areas  will  cause  eroded  materials 
to  run  into  the  lakes  and  streams.  Gases  emitted  into 
the  atmosphere  may  eventually  be  carried  through  the 
hydrologic  cycle.  Thus,  there  is  a  constant  flow  of 
energy,  water  and  chemicals  through  any  ecosystem. 

As  long  as  input  balances  output,  the  system  remains 
stable.  If  losses  exceed  the  input,  as  so  often  occurs 
when  man  interferes  with  the  natural  scene,  then  the 
system  breaks  down;  the  community  is  replaced  by  one 
of  a  different  kind;  or  in  severe  cases,  is  completely 
destroyed. 
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TERRESTRIAL  -  ECOLOGICAL  INTERRELATIONSHIPS 


Chart  1 


ENERGY  SOURCE 


PLANTS 


LAND 

WATER 

SUNLIGHT 
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Alfalfa,  Clover,  Filaree, 

Thistle,  Vetch,  Mustards, 
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Winterfat,  Bitterbrush, 
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Rose,  Cheatgrass,  Wheatgrass,  Blue- 
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Chart  2 
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Human  Values 


a.  Landscape  Character 

In  general,  the  impression  given  is  one  of  bold 
stark  beauty  coupled  with  a  feeling  of  extreme 
distance  and  isolation. 

The  visual  aspect  is  that  of  a  generally  drab 
coloration  highlighted  by  varicolored  rock 
outcrops,  patches  of  aspen  and  cottonwood  in  the 
canyons  and  stands  of  juniper  at  higher  elevations. 

Evidence  of  man’s  activities  may  be  noted  in 
many  areas.  Prospects  and  tailings  piles  may  be 
seen  on  the  mountainsides  and  in  the  valleys  marking 
the  workings  of  gold  rush  times.  One  major  power 
line  crosses  the  area.  Numerous  roads  and  trails 
connect  currently  active  or  abandoned  mines.  The 
dwindling  remnants  of  the  mining  camps  of  the 
1800's  and  early  1900’s  may  be  found  in  areas  of 
pronounced  mineralization  (Nevada  Ghost  Towns  & 
Mining  Camps,  Paher,  1970). 

Seasonal  changes  in  vegetation  "provide  brief 
periods  of  locally  brilliant  coloration. 

Away  from  inhabited  areas  the  noise  levels  are  low. 

b.  Sociocultural  Interest 


Cl)  Education/ Scientific :  The  areas  around  hot 
springs  can  contribute  to  scientific  and 
historical  knowledge  as  well  as  add  to  the 
general  understanding  of  natural  processes  and 
ecological  interrelationships. 

Hot  springs  are  of  current  interest  in  the 
search  for  alternate  sources  of  power  in  that 
they  are  surface  manifestations  of  geothermal 
activity.  In  this  capacity,  they  are  indicative 
of  general  areas  which  might  yield  subterranean 
hot  water  or  steam  in  quantities  adequate  for 
power  generation  or  for  application  to  industrial 
processes . 
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Natural  phenomena  associated  with  hot  springs 
can  also  be  of  scientific  interest.  Unusual 
micro-organisms  specially  adapted  to  the  environ¬ 
mental  conditions  around  hot  springs  have  been 
used  in  scientific  research.  In  certain  areas, 
mineral  compounds  have  been  deposited  on  and 
around  roots  or  plants.  Long  after  the  plant 
has  died,  the  calcified  matrix  remains.  Mounds 
of  these  "skeletons"  closely  resembling  piles 
of  bones  can  be  found  near  hot  spots.  Bubbling 
mud  pots,  sometimes  transitory  in  nature,  can 
often  be  found  in  hot  springs  areas.  Another 
interesting  feature  related  to  hot  springs  iS 
that  they  are  often  associated  with  geological 
fault  zones. 

Hot  springs  areas  are  also  logical  sites  for 
historical  and  archaeological  resources.  The 
Immigrant  Trail  used  by  the  pioneers  runs 
through  the  northern  portion  of  the  study 
area  and  the  Pony  Express  trail  crossed  the 
southern  portion  of  the  area. 

There  are  archaeological  resources  in  the  area. 
Wherever  water  is  to  be  found  in  the  desert 
archaeological  sites  are  also  to  be  found.  This 
is  a  general  rule  that  applies  not  only  to  "live" 
'waters,  but  also  to  "extinct"  water  resources 
such  as  springs  that  have  gone  dry  on  Pleistocene 
lake  beds.  This  rule  applies  as  much  to  hot 
and  warm  water  resources  as  it  does  to  cold  water. 

Spring  deposits  have  value  for  paleontological 
dating  in  that  they  are  often  repositories  of 
pollen. 

(2)  Cultural  Values : 

The  Shoshone  and  Piute  Indians  traditionally  have 
gathered  pinon  nuts  in  the  areas  that  support 
pinon  pine. 

(3)  Social  Welfare: 

The  study  area  lies  principally  in  Lander  County 
•with  portions  of  Eureka  and  Nye  Counties  included. 
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The  counties  are  governed  by  boards  of  county 
commissioners.  A  major  concern  to  the  commis¬ 
sioners  would  be  the  impact  of  development  on 
community  services. 

There  are  two  towns  in  the  study  area, 

Battle  Mountain  (Population  ca.  2500) 
and  Austin,  the  county  seat  (Population  c.  350). 
The  rural  areas  are  sparsely  populated.  There¬ 
fore,  the  flow  of  goods  and  services  in  the  area 
is  minimal.  Present  activities  consist  of 
grazing  and  mining  which  contribute  a  flow  of 
money  and  goods  out  of  the  area. 

(4)  Attitudes  and  Expectations : 

It  is  to  be  expected  that  the  citizens  of  any 
area  surrounding  a  geothermal  site  would  be 
well  aware  of  its  existence. 

Long  established  residents  may  have  reservations 
about  development,  but  a  majority  of  present 
residents  would  probably  welcome  development. 

There  is  little  to  no  unemployment  in  the  area 
at  present.  The  only  specialized  skills  available 
. in  the  area  are  those  associated  with  surface 
mining  and  agriculture.  Housing  is  in  short 
supply  and  other  community  services  are  limited. 
There  are  no  dental  services  available  in  the 
area.  There  is  one  physician  in  the  area  and 
specialty  medical  services  are  not  available. 
Shopping  facilities  are  presently  available. 

Median  family  income  in  1969  was  $8,641. 

It  is  believed  that  the  median  income  figures 
do  not  reflect  the  current  situation  due  to 
the  recent  growth  in  the  mineral  industries. 

Neither  town  is  incorporated  and  law  enforce¬ 
ment  is  limited  to  the  County  Sheriffs 
Department  and  the  Highway  Patrol. 

Population  fluctuates  due  to  the  "boom  or  bust" 
nature  of  the  mining  industry. 
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Outdoor  recreation  is  primarily  local,  except 
during  the  hunting  seasons. 

An  airport  capable  of  carrying  limited  com¬ 
mercial  traffic  is  located  at  Battle  Mountain. 

V.  ANALYSIS  OF  THE  PROPOSED  ACTION 

A.  Anticipated  Impacts 

These  will  be  dealt  with  in  terms  of  the  four  stages  of 
implementation  for  living  and  non-living  components. 

Exploration 

Development 

Operations 

Abandonment 

1.  Exploration 


Interrelationships  and  human  values  will  be  considered 
together  in  Section  £  £  <Z  ^  «/,  £  V2-  of  this 

document . 

t. 

a.  Non-living  Components 

Air:  There  will  be  three  basic  forms  of  air  pollu¬ 
tion  related  to  leasing  National  Resource  Lands  (NRL) 
for  geothermal  resource  development:  gases,  vapors, 
and  particulate  matter. 

Based  upon  limited  surface  observation,  it  is  not 
believed  that  toxic  gases  will  be  produced  at  any 
of  the  sites  in  the  area. 

Exploratory  impacts  from  geothermal  gases  or  vapors 
will  be  primarily  from  gases  vented  to  the  atmosphere 
during  drilling  and  testing  either  accidentally  or 
deliberately. 

Use  would  be  relatively  short  term,  and  it  would  not 
be  likely  that  these  gases  would  be  produced  in 
quantities  sufficient  to  cause  a  significant  impact 
upon  the  environment. 
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An  increase  in  the  quantity  of  exhaust  by-products 
over  the  minimal  quantities  now  present  in  the  areas 
cannot  be  avoided.  These  gases  would  be  produced 
by  the  internal  combustion  engines  used  to  power  the 
heavy  machinery,  vehicles,  drilling  equipment,  aircraft, 
etc.,  used  during  the  exploration  phase. 

Particulate  matter  (dust)  would  be  generated  by  the 
transit  of  vehicles  (both  on  and  off  road) ,  by 
the  construction  of  roads,  trails  and  drill  pads 
to  allow  the  entry  and  use  in  the  area  of  drilling 
and  geophysical  equipment,  and  personnel.  Relatively 
smaller  amounts  of  dust  would  be  generated  by  actual 
exploration  and  test  drilling. 

Airborne  dust  is  offensive  to  humans  and  animals 
and  in  large  quantities  can  affect  plant  life.  Dust, 
generated  by  this  phase,  would  not  cause  long  term 
impact,  but  would  cause  intermittent  degradation  of 
air  quality  in  the  vicinity  of  exploration  operations. 

Noise:  Some  noise  would  be  generated  during  explora¬ 

tion.  Minor  amounts  of  noise  would  be  generated  by 
aircraft  used  in  airborne  surveys  (magnetometer, 
etc.),  and  vehicles.  Noise  produced  by  a  truck 
mounted  portable  drill  rig  as  would  be  used  in 
drilling  thermal  gradient  and  siesmograph  holes  is 
of  an  intensity  low  enough  that  impacts  of  this 
noise  on  the  environment  could  be  considered  to  be 
negligible.  It  is  probable  that  a  few  large  diameter 
test  borings  that  could  be  used  as  production  wells 
would  be  drilled.  These  would  be  drilled  with  a 
conventional  oil  field  type  rotary  rig.  Noise 
generated  would  essentially  be  that  of  the  diesel 
engines  used  to  power  the  conventional  oil  field 
type  rotary  drill  rig,  and  the  handling  of  steel 
drill  pipe,  casing,  etc. 

Mud  is  generally  used  as  the  circulatory  medium  in 
drilling.  Where  water  flows  are  not  encountered, 
compressed  air  may  be  substituted  as  the  circulatorv 
medium.  For  example,  at  the  Geysers  dry  steam 
field  in  California,  mud  is  used  to  the  depth  where 
temperature  interferes  with  proper  operations,  then 
compressed  air  is  used.  Noise  created  during  the 
air  drilling  operation  is  intense  and  approximately 
that  of  an  unmuffled  diesel  truck. 
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To  determine  the  flow  characteristics  of  well, 
venting  to  the  atmosphere  for  a  period  of  time 
is  required.  High  noise  levels  would  accompany 
this  venting. 

Land :  The  potential  for  pollution  of  the  soil  is 
generally  low.  Minor  amounts  of  soil  pollutents 
could  be  released  into  the  environment  by  off-road 
vehicles  (e.g.,  oil  from  damaged  crankcases,  etc.). 

Some  pollutants  would  leak  from  or  be  spilled  from 
heavy  machinery  during  the  construction  of  roads, 
trails,  and  drill  pads.  Steril  drill  cuttings,  drilling 
mud,  and  chemicals  would  be  spread  upon  small  plots 
adjacent  to  the  drill  sites,  or  buried  upon  abandon¬ 
ment  of  mud  pits  at  the  drilling  sites. 

The  impacts  of  exploration  would  range  from  negli¬ 
gible  to  high.  A  high  potential  for  erosion  exists 
after  destruction  of  the  protective  vegetal  cover  u 
during  the  construction  of  access  roads,  trails, 
drill  pads,  and  by  off-road  vehicles.  Roads  and 
trails  constructed  upon  steep  mountain  slopes  are 
particularly  susceptible  to  erosion. 

The  soil  structure  could  be  temporarily  altered  by 
off-road  vehicle  use,  and  might  be  permanently  dis¬ 
turbed  by  road  and  trail  construction. 

Land  use  compatibility  and  suitability  is  highly 
varied.  With  the  exception  of  the  playas  and  adjacent 
dune  areas,  any  entrance  of  wheeled  or  tracked 
vehicles  upon  the  land  will  leave  marks  visible  for 
many  years.  Roads  and  drill  pads  bulldozed  upon 
steep  hillsides  cannot  be  restored  to  any  resemblance 
of  their  original  condition  and  may  lead  to  rapid 
erosion.  The  scars  of  mining  roads  of  the  last 
century  are  plainly  visible  in  many  areas. 

Re-vegetation  tends  to  be  extremely  slow,  and  the 
initial  flora  established  usually  are  undesirable 
species  (halogeton,  russian  thistle,  etc.),  or  less 
desirable  species  (cheat  grass).  On  some  roads,  the 
native  vegetation  has  not  been  completely  restored 
more  than  30  years  after  abandonment. 
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The  above  described  impacts  appear  to  be  compatible 
with  existing  and  uses  except  within  areas  having 
primitive  values,  areas  of  high  recreation  and/or 
scenic  value,  critical  wildlife  areas,  and  historic 
and  archaeological  values.  Incompatibility  may  be 
a  function  of  season  and  climatic  conditions. 

It  appears  that  the  areas  within  the  Shoshone  Resource 
Area  that  have  potential  for  geothermal  development 
are  suitable  for  this  use. 

The  entire  resource  area  is  suitable  for  the  non¬ 
disturbing  exploration  methods  such  as  magnetometer, 
gravimetric,  microearthquake,  seismograph,  and 
resistivity  surveys.  There  are  areas  that  are 
not  compatible  with  exploration  drilling,  develop¬ 
ment,  and  operation. 

Water :  There  are  several  perennial  and  numerous 
intermittent  streams  in  the  area.  Disturbance  of 
the  soil  by  off-road  vehicles,  road  and  trail 
construction,  and  drill  site  construction  would 
contribute  to  an  increased  sediment  load  when  adjacent 
to  running  streams.  Drill  cuttings  and  drilling  mud 
discharged  onto  the  surface  or  into  a  mud  pit  have 
the  potential  for  adding  to  sediment  load. 

Some  chemical  pollution  of  waters  could  be  caused 
by  discharge  of  brines  onto  the  surface.  These 
brines  could  mix  with  existing  surface  waters  and 
aquafiers  and  degrade  the  quality  of  available 
water,  to  the  point  where  it  would  not  be  fit  for 
human  or  animal  consumption  and  possibly  could  prove 
toxic  to  the  native  flora. 

Temperature  contamination  of  existing  surface 
waters  by  hotter  waters  produced  from  geothermal  wells 
would  have  major  impacts  on  flora  and  fauna.  Many 
aquatic  plant  and  animal  species  are  viable  only 
within  limited  environmental  conditions.  Discharge 
of  heated  or  super-heated  waters  into  existing 
surface  water  could  raise  water  temperatures  beyond 
the  tolerance  of  indigneous  flora  and  fauna. 

The  hot  springs  at  Hot  Springs  Point  and  other  thermal 
spring  areas  in  Grass  Valley,  Smith  Creek  Valley, 
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Buffalo  Valley,'  Fish  Creek,  Valley  of  the  Moon, 
and  the  Jersey  Valley  -  Buffalo  Valley  Divide  are 
critical  sources  of  livestock  water .  In  some 
sites  (Hot  Spring  Point,  Buffalo  Valley,  Smith  Creek 
Valley,  etc.)  these  thermal  springs  are  the  only  source 
of  water  for  distances  as  great  as  ten  miles. 

Flows  at  these  springs  can  be  as  small  as  2  or  3  gpm. 
Exploratory  drilling;  the  use  at  explosives  in 
seismographic  surveys,  the  use  of  the  springs  as 
water  sources  for  drilling,  etc.,  could  affect  the 
flows  and  have  a  high  impact  on  domestic  animals 
and  wildlife  in  the  area. 

b.  Living  Components 


Vegetation  (Terrestrial  and  Aquatic) :  Airborne 
operations  during  exploration  would  have  no  signi¬ 
ficant  impact  on  the  vegetation.  The  impact  of  other 
operations  would  be  very  localized.  Off-road  vehicular 
travel  would  destroy  some  fragile  broad  leaved 
plants.  Road  and  trail  construction  and  drilling 
operations  would  result  in  removal  of  vegetation  from 
the  roadway  or  drilling  site.  Because  valley  areas 
seem  to  be  of  primary  interest  iir  geothermal  explora¬ 
tion,  trees  would  not  be  involved. 

For  a  discussion  of  aquatic  vegetation  refer  to 
section  IV. B. 2.,  Description  of  Existing  Environment; 
Living  Components ;  Aquatic  Plants,  of  this  FAR. 

Animals :  Disturbance  of  animals  and  wild  horses 
would  result  from  harassment  by  aircraft  and  off¬ 
road  vehicles.  During  periods  of  stress,  such  as 
winter  or  very  dry  periods,  this  disturbance  could 
result  in  physical  harm  to  these  animals,  perhaps 
resulting  in  the  death  of  the  animal. 

2.  Development 

a.  Non-living  Components 

Air:  The  escape  of  gases  and  vapors  would  be  greater 
during  this  stage  then  in  any  other.  Numerous  wells 
would  have  to  be  drilled,  and  each  would  have  to  be 
tested  prior  to  being  put  into  production. 
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To  determine  flow  characteristics  and  to  clean  out 
the  boring,  each  well  would  have  to  be  vented  to 
the  atmosphere.  The  chemical  constituents  of  the 
vapors  vented  to  the  atmosphere  cannot  be  predeter¬ 
mined.  It  does  not  appear  likely  that  toxic  gases 
would  be  produced  in  significant  quant i tv.  /'Reference 
is  made  to  the  development  section,  page  67,  Appendix  A 
relative  to  constituents  of  produced  gases.) 

Some  exhaust  fumes  and  hydrocarbons  would  be  pro¬ 
duced  by  the  internal  combustion  engines  powering 
the  vehicles  and  machinery  used  in  constructing  the 
access  roads,  drill  sites,  drilling  the  wells  and 
constructing  the  power  plants  and  accessary  pipe¬ 
lines  and  powerlines.  Particulate  matter  (dust) 
would  also  result  from  these  activities.  Temporary 
localized  degradation  of  air  quality  would  also  be 
expected  due  to  emmission  of  exhaust  fumes,  hydro¬ 
carbons  and  particulate  matter  if  a  construction 
camp  is  set  up  to  facilitate  construction  of  per¬ 
manent  facilities. 

It  would  be  inevitable  that  some  leakage  of  vapors 
and  fumes  would  occur  during  pipeline  construction 
and  testing,  but  impacts  on  air  from  this  leakage  would 
be  insignificant. 

Noise:  Noise  produced  during  this  phase  would  be 
greater  than  during  the  exploration  phase,  due  to 
the  greater  number  of  wells  being  drilled  and  tested. 
Causes  of  the  noise  would  be  the  same  as  those 
discussed  under  Exploration.  Ambient  noise  levels 
would  be  raised  to  the  level  of  annoyance  for  ani¬ 
mals  and  humans  within  500  feet  of  operations.  Beyond 
500  feet,  noises  would  be  noticeable,  but  the 
impacts  would  not  be  significant. 

A  complete  discussion  of  drilling  noise  levels 
has  been  made  on  pages  III-23->25  of  the  Final 
Environmental  Statement  on  The  Geothermal  Leasing  Program. 
A  table  excerpted  from  this  document  is  herein  included. 


Impacts  of  well  drilling  and  testing  will  be  of  rela¬ 
tively  short  term. 
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Comparison  of  noise  levels  between  the  Geysers 
geothermal  area  and  other  noise  sources: 

Source  Level  Distance 


The  Ceysers  Area 

Drilling  Operation  (air)  126  dba 
Drilling  Operation  (air)  55  dba 
Muffled  testing  well  100  dba 

•„  Muffled  testing  well  65  dba 

Steam  line  vent  100  dba 

Steam  line  vent  90  dba 


Comparative  levels 

Jet  aircraft  takeoff  125  dba 

Threshold  of  pain  120  dba 

Unmuffled  diesel  truck  100  dba 

Street  Corner  in  a  large 
city  75  dba 

Residential  area  at  night  40  dba 


25  feet 
1,500  feet 
25  feet 
1,500  feet 
50  feet 
250  feet 


200  feet 

50  feet 


dba:  decibel  value  measured  using  the  a  weighting  net 

work  of  a  standardized  sound  level  meter. 

Land:  The  impacts  on  the  land  during  development 
would  essentially  be  the  same  as  those  during 
exploration  though  greatly  magnified.  Less  distur 
bance  from  off-road  vehicle  use  would  result,  but 
construction  of  permanent  roads,  power  plants, 
accessary  pipelines,  power  lines,  and  cooling  and 
settling  ponds  will  alter  soil  structure,  depth, 
and  nutrient  properties  over  large  areas,  if  used. 

The  changes  in  soil  properties  (transportation, 
compaction,  pollution,  mining)  due  to  construction 
would  be  long  term,  and  could  have  a  high  impact 
locally  in  that  use  of  these  lands  for  uses  other 
than  power  production  would  be  denied. 
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Intensive  disturbance  during  construction  will 
present  the  opportunity  for  localized  wind  and 
water  erosion  to  have  a  significant  impact. 

The  expected  impacts  on  geologic  structure  would 
be: 

(1)  The  drill  holes  themselves,  impacts  would  be 
negligible. 

(2)  Fracturing,  and  other  techniques  required  to 
bring  the  well  into  production,  impacts  would 
be  negligible. 

(3)  Possible  loss  of  porosity  and  permeability  in  the 
geothermal  producing  zone  due  to  withdrawal  of 
fluids  and  resulting  consolidation  of  the  aquafier 
materials.  Impacts  would  primarily  be  on  the  life 
of  the  field  and  cannot  be  ascertained  at  this 
time  due  to  insufficient  data. 

Possible  use  of  nuclear  explosives  in  geothermal 
development  cannot  be  evaluated  at  this  time  and 
should  be  considered  separately  if  the  need  and 
occasion  should  arise. 

c. 

Some  soil  pollution  could  be  expected  as  a  result 
of  production  of  brines.  This  is  another  item  on 
which  parameters  are  not  at  present  clearly  defined. 

It  is  likely  tnat  a  construction  camp  would  be  set 
up  in  order  to  facilitate  construction  of  some  of  the 
sites  due  to  the  remoteness  of  large  portions  of 
the  area.  Impact  of  a  temporary  construction  camp 
would  be  pollution  of  the  soil  and  disturbance  of 
the  soil  structure  at  the  campsite  and  at  the 
accessory  waste  disposal  facilities. 

High  voltage  power  transmission  lines  leading  from 
the  power  plant  sites  would  have  to  be  constructed 
during  this  stage.  Impacts  of  these  lines  cannot 
be  evaluated  at  this  time  as  routes  are  not  known. 
Individual  EARs  would  be  required  prior  to  granting 
Rights-of-way  for  construction  of  these  lines  if  needed. 

Minor  chemical  pollution  could  result  from  drilling 
operations  and  the  construction  of  permanent  facilities. 
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It  would  be  likely  that  some  spillage  of  solvents 
and  chemicals  associated  with  construction  of  the 
plants  would  occur. 

Land  Use  Compatibility  and  Suitability:  Reference 
is  made  to  the  discussion  incorporated  under  the 
Exploration  phase. 

Water:  Other  than  the  impacts  outlined  under  explora¬ 
tion,  the  discrete  operations  during  development  that 
would  affect  water  are  the  production  of  brines  and 
highly  mineralized  waters  during  drilling  and  testing 
of  wells  and  possible  coliform  contamination 
from  a  construction  camp. 

Production  of  brines  and  mineralized  waters  could 
chemically  contaminate  surface  waters  and  shallow  sub¬ 
surface  waters  so  as  to  render  them  unfit  for 
support  of  animal  and  vegetable  life.  Significant 
impacts  are  unlikely  in  the  light  of  current 
drilling  practices. 

Thermal  contamination  of  existing  waters  could  be 
more  significant  at  this  stage  than  during  explora¬ 
tion  due  to  a  greater  volume  of c geothermal  waters 
produced.  Reference  is  made  to  the  impacts  discussed 
under  Exploration. 

b.  Living  Components 

Vegetation  (Terrestrial  and  Aquatic) 


The  impacts  on  vegetation  of  road  construction  and 
improvement,  .  of  drilling  operations  would  be 
similar  to  that  under  exploration.  Though  drilling 
operations  would  involve  a  larger  area  during 
devleopment  than  during  exploaration.  They  would 
be  quite  local. 

An  impact  which  would  influence  vegetation  would 
occur  if  the  water  regime  were  disturbed.  It  is 
unknown  whether  tapping  geothermal  resources  will 
influence  surface  water.  It  is  possible  that  the 
flow  of  springs  in  the  vicinity  of  a  development 
could  be  reduced  or  stopped  entirely.  If  this  occurred 
the  vegetation  dependent  on  this  water  source  would 
be  reduced  or  eliminated. 
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The  effect  of  plant  and  camp  construction  and 
development  would,  as  with  drilling  operations,  be 
specific  to  the  particular  site.  At  the  site, 
native  vegetation  would  be  cleared  from  the  area. 

At  the  plant  site,  ornamental  vegetation  (lawn, 
flowers,  shrubs,  etc.)  may  be  used  to  replace  removed 
native  plants  where  it  is  practical  to  do  so. 

Animals  (Terrestrial  and  Aquatic) 

Disturbance  of  existing  surface  water  supplies 
would  have  a  significant  impact  on  animals.  If 
the  water  supplied  were  eliminated,  those  animals 
dependent  on  it  or  upon  the  vegetation  it  supported, 
would  either  have  to  go  elsewhere  or  perish. 

If  the  flow  were  only  reduced,  competition  for 
available  water  and  vegetation  would  be  intensified 
and  only  the  more  agressive  and  stronger  species 
would  survive  at  that  location. 

Of  particular  interest,  is  the  relict  fish  species 
which  survive  in  Carico  Lake  Valley.  Disruption  of 
their  habitat  would  probably  push  them  to  extinc¬ 
tion. 

c. 

The  construction  of  distribution  and  transmission 
lines  would  provide  a  currently  deficient  segment  of 
the  habitat  o-f  raptors.  These  structures  would  be 
used  as  perches  and  nesting  sites  by  these  birds. 

The  avialability  of  these  perch  and  nest  sites 
could  result  in  local  increase  •  of  raptor  populations 
or  extensions  of  present  ranges. 

I 

This  increase  in  population  could  lead  to  a  concom- 
mitent  increase  in  raptor  electrocutions  if  the  de¬ 
sign  of  poles  and  substations  is  not  such  as  to 
provent  these  accidents. 

The  impact  on  animals  of  the  construction  camp  would 
result  from  the  presence  of  human  habitation,  isola¬ 
tion,  and  idle  hands.  Their  impacts  would  be 
harassment  of  game  animals  from  ORV  use  and 
poaching . 
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3.  Operations 


It  would  be  likely  that  additional  wells  would  be  drilled 
throughout  the  life  of  the  field.  These  wells  would  be 
used  to  replace  and  supplement  previously  drilled 
wells.  (Refer  to  the  technical  report  for  a  discussion 
of  this  requirement) .  The  impact  of  these  additional 
wells  would  be  the  same  as  the  impact  of  wells  drilled 
during  the  Development  stage  (Section  V,  A.  ,  2  above) 
on  all  phases  of  the  environment.  Additional  pipelines 
to  transmit  the  geothermal  gases  and  fluids  would  be 
constructed,  and  impacts  would  be  the  same  as  those 
discussed  under  Development. 

a.  Non-Living  Components 

Air:  Geothermal  vapors  (steam  and  fumes)  could  be 
released  into  the  atmosphere  at  any  time  during 
operations.  New  well  sites,  pipelines,  maintenance 
of  facilities,  geothermal  waste  disposal,  and  actual 
production  all  have  a  potential  for  allowing  vapors 
to  escape.  Impacts  would  not  be  significant. 

Particulate  matter,  production  and  impacts,  would 
be  insignificant  except  during  new  well  site 
development.  .  Internal  combustion 

engine  byproducts  (carbon  monoxide,  hydrocarbon’s 
etc.)  would  not  be  significant  during  the  operations 
stage. 

Possible  production  of  noxious  or  toxic  gases  (H2S, 
etc.)  cannot  be  evaluated  at  this  time  due  to  lack 
of  sufficient  data,  though  significant  impacts  are 
not  likely. 

Noise:  Noise  generated  by  drilling  and  testing  of 
supplementary  wells  during  the  Operations  phase 
would  be  the  same  as  that  discussed  under  explora¬ 
tion,  except  that  it  is  probable  fewer  wells  would 
be  drilled  during  this  phase. 

Increase  in  ambient  noise  levels  due  to  actual  power 
generation  will  be  similar  to  the  noise  generated  by 
a  fossil  fuel  electric  plant  of  similar  output. 

Actual  noise  impacts  from  power  generation  cannot  be 
quantified  at  present. 
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Land :  Development  of  additional  wells  and  accessory 
pipelines  and  roads  would  result  in  surface  distur¬ 
bance  which  may  cause  erosion.  The  surface  distur¬ 
bance  would  be  similar  to  that  described  under 
Exploration,  but  less  extensive.  Areas  impacted 
would  be  small. 

Disposal  of  waste  waters  into  evaporation  ponds 
could  cause  minor  chemical  pollution  of  the  soil 
immediately  adjacent  to  the  ponds. 

Impacts  would  be  minor  as  the  zone  of  contaimination 
would  be  relatively  small  and  immediately  adjacent 
to  the  evaporation  pond. 

Geologic  structure  could  be  affected  in  that 
continued  withdrawal  of  liquids  from  the  reservoir 
could  lead  to  consolidation  of  the  reservoir 
strata,  which  in  turn,  could  lead  to  surface  sub¬ 
sidence  (Leggett,  Geology  and  Engineering,  1962, 
pages  404-406) ,  as  well  as  the  impacts  previously 
described  under  development. 

The  potential  for  a  change  in  seismic  activity  (in¬ 
crease  or  decrease)  is  very  real..  Withdrawal  or 
injection  of  fluids  in  or  adjacent  to  fault  zones 
(Evans , 

have  been  shown  to  affect  seismic  activity  in  an 
area.  Parameters  are  not  adequately  defined  in 
this  area  at  present. 

Land  Use  Compatibility  and  Suitability 

Reference  is  made  here  to  the  discussion  incorporated 
under  Exploration. 

Water:  The  quantity  of  water  that  would  be  produced 
from  the  operation  of  geothermal  power  plants  in 
the  area  cannot  be  adequately  evaluated  at  this  time 
due  to  lack  of  pertinent  data.  It  would  be  assumed 
that  the  waters  produced  from  geothermal  wells  would 
have  similar  chemical  compositions,  PH,  etc.,  to  the 
natural  geothermal  waters  in  an  area. 

Geothermal  waters  presently  produced  are  generally 
non-toxic  and  are  commonly  used  by  livestock  and 
wildlife. 
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A  possibility  does  exist  that  water  may  be  made 
available  for  various  other  uses  such  as  wildlife 
habitat,  irrigation,  etc. 

It  would  not  be  unreasonable  to  assume  that  a 
portion  of  the  waste  waters  resulting  from  geothermal 
wells  would  be  reinjected  into  the  reservoir. 

This  would  of  course,  be  dependent  upon  the  geologic 
characteristics  of  the  reservoir.  Reinjected 
fluids  would  have  no  impact  upon  the  surface  environ¬ 
ment  . 

Thermal  pollution  of  surface  waters  by  geothermal, 
fluids  could  seriously  affect  thesuitability  of  the 
surface  water  for  support  of  indigineous  flora  and 
fauna  (as  noted  under  Development) . 

b.  Living  Components 


Impacts  upon  living  components  by  the  expansion  of 
the  plant  (including  drilling  of  additional  wells) 
would  be  the  same  as  those  described  under 
Development  though  on  a  much  smaller  scale. 

Vegetation;  Significant  effects  on  vegetation  of  the 
operation  of  a  power  gene-rating  plant  are  problem¬ 
atical.  It  is  likely,  disposal  of  waste  water 
would  have  significant  impacts,  depending  upon  the 
mode  of  disposal.  These  impacts  would  result  from 
cooling  of  hot  water  and  disposal  of  cooled  water. 

The  evaporation  of  large  quantities  of  water  would 
alter  the  local  climate  somewhat,  making  it  more 
humid.  This  could  result  in  local  establishment  of 
plants  adopted  to  more  humid  climates  at  the  expense 
of  the  native  desert  type  species,  on  the  other 
hand,  it  may  result  only  in  more  vigorous  and  pro¬ 
fuse  growth  of  existing  species. 

If  waste  water  is  reinjected  into  wells,  this  would 
not  have  a  significant  impact  on  vegetation. 

Animals :  The  impact  of  power  plant  operation  on 
animals  would  be  significant  as  related  to  waste 
water  disposal.  If  water  is  made  available  in  excess 
of  current  availability,  those  animal  populations 
now  limited  by  water  would  significantly  increase. 
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Similarly,  if  irrigation  were  accomplished  above  the 
current  level,  the  additional  vegetation  would 
attract  and  support  larger  and  possibly  different 
populations  of  animals. 

Human  activity,  change  in  ambient  noise  levels, 
etc.,  may  have  a  significant  impact  on  animal 
populations  and  life  history. 

4.  Abandonment 

It  is  probable  that  abandonment  of  a  geothermal  power 
plant  would  take  place  gradually,  as  pressures,  and 
geothermal  fluids  in  the  field  are  depleted,  rather 
than  in  the  short,  well  defined  time  frame  generally 
associated  with  the  dismantling  of  an  industrial 
facility  such  as  a  manufacturing  plant  or  smelter. 

Abandonment  does  not  necessarily  imply  that  physical 
plant  facilities  would  be  completely  removed  as  other 
suitable  and  compatible  economic  uses  may  be  found 
for  these  facilities. 

a.  Non-living  Components 

Air:  Some  particulate  matter  (dust  would  be  generated 

by  the  physical  tearing  down  and  removal  of  the  power 
plant  and  associated  facilities  (pipelines,  power 
lines,  etc.).  Wells  would  be  plugged  and  abandoned 
pipelines  would  be  removed,  and  no  further  geo¬ 
thermal  vapors,  fumes,  and  gases  would  be  released 
to  the  atmosphere. 

Noise :  Noise  generated  during  this  phase  would  be 
by  machinery  used  in  removal  of  equipment  and 
rehabilitation.  Noise  generated  would  be  less 
than  described  under  previous  phases. 

Land:  The  equipment  used  to  remove  surface  improve¬ 

ments  would  undoubtedly  cause  some  surface  disturbance. 
As  in  the  development  stage,  minor  impacts  on  soil 
depth  and  structure  could  occur,  and  erosion  could 
occur  prior  to  re-establishing  vegetation  on' the 
reclaimed  areas. 
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Land  Use  Suitability  and  Compatibility:  Abandonment 
might  affect  those  uses  that  have  developed  resultant 
to  geothermal  development.  Abandonment  would  allow 
the  use  of  the  land  for  other  suitable  uses. 

Water:  No  further  impact  upon  surface  or  shallow 
subsurface  waters  would  be  expected  after  production 
ceases  and  the  wells  are  plugged  and  abandoned.  The 
quality  and  quantity  of  surface  water  would  return 
to  a  condition  similar  to  that  in  existence 
prior  to  commencing  geothermal  operations. 

There  is  the  possibility  that  flows,  from  pre-  . 
existing  springs  affected  by  geothermal  operations, 
would  not  revert  to  their  previous  flows. 

b.  Living  Components 

Vegetation:  Removal  of  physical  plant  and  human 
occupation  would  allow  the  re-establishment  of  flora 
low  on  the  succession  scale  such  as  halogeten  and 
related  species. 

Animal  Life:  The  impact  of  abandonment  operations 
on  animals  would  depend  upon  which  course  of  action 
is  decided  upon.  If  abandonment  were  to  consist  of 
removal  of  the  physical  plant  and  structures  which 
attracted  specialized  fauna  to  the  site,  then  these 
specialized  fauna  would  depart  when  the  structures 
are  removed.  Native  fauna  could  then  become  re¬ 
established. 

• B.  Anticipated  Impacts  on  Ecological  Interrelationships 

In  those  areas  where  the  vegetation  is  destroyed,  the 
ecological  interrelationships  will  be  disrupted.  The  plants 
are  the  base  of  the  food  chain  and  without  them,  the  herbi¬ 
vores  cannot  survive  in  the  area,  and  if  there  are  no 
herbivores  then  the  predators  will  not  survive  in  the  area. 

Human  activity  will  modify  the  activities  of  the  native 
fauna  in  areas  adjacent  to  any  activity  site. 

The  ecological  impacts  will  vary  from  high  locally  to 
insignificant  from  the  standpoint  of  a  general  overview 
due  to  the  widespread  occurrence  of  that  community  type. 
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The  following  discussion  concerns  those  impacts  that  are 
significant  in  our  view. 

Alteration  of  water  temperature  may  eliminate  certain 
species  of  algae;  dessication  of  a  spring  would  alter  the 
vegetation  at  the  site,  which  would  in  turn,  alter  the 
kinds  of  animals  which  use  the  area. 

Possible  impacts  resulting  from  the  availability  of  perches 
for  raptors  could  be  decrease  in  rodent  populations  resulting 
from  increased  predation  by  these  birds,  it  could  also 
result  in  an  overall  decline  in  raptor  populations  resulting 
from  electrocution  of  the  birds  by  powerlines. 

C.  Anticipated  Impacts  on  Human  Values 

1.  Landscape  Character 

The  disturbance  caused  by  implementation  of  the  proposed 
action  will  be  readily  apparent  in  this  type  of  terrain 
will  be  slow  to  heal. 

Power  plants  and  their  associated  facilities  would  be 
readily  visible  to  the  casual  observer,  and  would  stand 
out  in  contrast  to  the  surrounding  landscape. 

2.  Sociocultural  Interests 


Development  of  geothermal  power  plants  will  increase  the 
availability  of  electrical  energy  in  the  local  area. 

This  would  have  the  potential  for  increased  and  more 
stable  industry  within  the  area. 

Population  levels  and  distribution  would  be  effected  by 
the  proposed  action.  Exploration  would  bring  into  the 
area  a  small,  mobile,  highly  specialized  work  force 
that  will  have  little  impact  on  the  area.  Development 
would  bring  a  large  transient  work  force  that  would  be 
employed  in  the  construction  of  permanent  facilities  into 
the  area.  This  transient  work  force  would  place  enor¬ 
mous  demands  upon  school  systems,  housing,  etc.,  (as  can 
be  seen  in  the  case  of  the  Jim  Bridger  Power  Plant  at 
Rock  Springs,  Wyoming)  and  then  depart  at  the  completion 
of  construction  activities.  This  temporary  impact 
would  be  of  short  duration,  probably  3  to  10  years. 

A  relatively  small,  stable  work  force  of  possibly  a  few 
hundred  persons  would  remain  to  operate  the  facility. 
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Local  business  activity  would  follow  the  "boom  and  bust" 
cycle  just  noted. 

There  would  be  an  increase  in  tax  revenue  to  local 
governmental  entities  during  the  life  of  the  project. 

Greater  demand  would  be  placed  upon  the  public  lands 
for  recreation  due  to  the  increased  population. 

It  is  certain  that  a  sudden  expansion  in  population, 
even  though  it  is  temporary,  would  overtax  the  service 
sector  of  the  existing  area,  and  possibly  could  heavily 
impact  the  existing  political  environment. 

VI.  POSSIBLE  MITIGATING  OR  ENHANCING  MEASURES 

Mitigation  of  some  of  the  impacts  upon  the  environment  would 
be  accomplished  through  enforcement  of  federal,  state  and  local 
laws  and  regulations . 

The  regulation  of  geothermal  exploration,  production,  etc,, 
is  covered  by  the  Geothermal  Steam  Act  of  1970,  43  CFR  3200, 
the  National  Environmental  Protection  Act,  and  the  regulations 
of  BLM  and  USGS.  Stipulations  for  protection  of  the  environ¬ 
ment  will  be  included  in  every  geothermal  lease,  notice  of 
intent,  and  geothermal  operating  regulations  and  orders. 

Known  and  anticipated  impacts  have  been  included  in  this  analysis. 
Unanticipated  environmental  impacts  which  become  apparent  as 
a  result  of  geothermal  development  will  have  to  be  dealt  with 
as  they  become  apparent. 

The  production  of  energy,  especially  a  relatively  clean  and 
non-polluting  production  of  energy  with  minimal  surface  dis¬ 
turbance  could  be  considered  a  mitigating  measure  in  itself. 

Use  of  geothermal  energy  for  other  appropriate  uses  6uch 
as  space  heating,  industrial  processing,  agriculture,  would 
be  an  enhancing  measure. 

VII.  RECOMMENDED  MITIGATING  MEASURES 
A.  General 

1.  Protection  of  archaeological  values.  In  Nevada,  as 
in  other  desert  lands,  archaeological  values  tend  to 
be  located  in  the  vicinity  of  available  surface  waters . 
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An  archaeological  investigation  should  be  required  of 
all  sites  and  areas  upon  which  the  surface  will  be 
disturbed  (constructed  roads,  drill  sites,  waste 
disposal  ponds,  power  line  tower  or  pole  sites, 
pipelines  Rights-of-Way,  building  sites,  actual 
power  plant  locations,  gravel  pits  and/or  quarries 
and  any  area  to  be  graded,  graveled  or  paved). 

2.  Soil  and  Vegetative  Protection  and  Restoration: 

Whenever  possible,  existing  roads  and  road  Rights-of- 
Way  should  be  utilized.  New  road  construction  and  re¬ 
construction  should  be  cleared  with  the  Surface  Manage¬ 
ment  Agency  30  days  prior  to  commencing  construction. 

3.  Temporary  roads  should  be  built  with  as  little  soil 

and  vegetation  cover  disturbance  as  possible.  "Dropping 
the  blade"  clearing  of  temporary  roads  should  not  be 
permitted  unless  prior  clearance  is  obtained. 

4.  Clearing,  for  drill  sites  should  be  limited  to  minimum 
size  practical  for  operations. 

5.  If  leveling  is  required  on  drill  sites,  top  soil  should 
be  stripped  and  stockpiled  for  respreading  upon  aban¬ 
donment  of  temporary  drill  sites,  and  use  in  rehabilita¬ 
tion  of  excess  area  needed  for  drilling,  but  not  required 
for  operation  of  wells. 

6.  Upon  abandonment  of  roads,  drill  sites,  etc.,  compacted 
areas  should  be  water-barred,  scarified  and  reseeded. 
Reseeding  should  be  done  with  the  plant  species  and  at 
the  times  of  year  specified  by  the  Surface  Management 
Agency . 

7.  Off-road  vehicle  travel  should  be  restricted  in  the 
spring  or  after  heavy  rainfall  when  the  soils  are  wet 
and  muddy.  Off-road  travel  should  be  held  to  an 
absolute  minimum. 


43 


' 


. 


9.  All  machinery  and  test  wells  should  be  equipped  with 
appropriate  mufflers  to  meet  current  noise  contamina¬ 
tion  standards. 

B.  Exploration 

The  items  noted  under  Mitigating  Measures,  General,  are 

included  here  by  reference. 

C.  Development 

The  items  noted  under  Mitigating  Measures,  General,  are 

included  here  by  reference. 

1.  Roads :  Provision  should  be  made  for  control  of  particulate 
matter  (dust)  by  watering  or  other  acceptable  means 
during  periods  of  heavy  use  to  meet  air  quality  standards. 

2.  Permanent  work  areas  around  wells  should  be  graveled  to 
prevent  erosion  and  production  of  particulate  matter 
(dust) .  Permanent  access  roads  should  be  graveled  or 
paved . 

3.  Consideration  should  be  given  to  landscaping  of  power 
plants,  pipelines,  and  well  heads  to  minimize  visual 
impacts.  Color  of  power  plants,  pipelines,  etc.,  should 
be  chosen,  where  practicable,  to  blend  with  the  existing 
environment . 

4.  Steps  should  be  taken  to  prevent  electrocution  of  eagles, 
hawks,  and  other  birds  in  designing  electric  trans¬ 
mission  lines, ^  substations,  and  other  electrical 

power  facilities.  REA  standards  would  be  the  minimum 
acceptable. 

5.  Disposal  of  geothermal  fluids  produced  during  testing 
of  wells  should  be  handled  so  as  not  to  contaminate 
surface  waters. 

6.  After  completion  of  drilling,  sumps  should  be  cleaned 
out,  backfilled  and  restored  rather  than  fenced  and 
allowed  to  dry  out.  Waste  material  shall  be  disposed 
of  as  agreed  to  by  the  surface  protection  agency. 

7.  Design  and  location  of  cooling  ponds  should  be  approved 
by  the  .Surface  Management  Agency. 
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8.  Plant  sites  should  be  fenced  so  as  to  provide  protec¬ 
tion  for  livestock  and  wildlife. 

D.  Operations 

General  and  Development  mitigating  measures  are  included 

here  by  reference. 

1.  New  Drill  Sites:  These  measures  will  be  the  same  as 
for  drill  site  development  under  the  Development  phase. 

2 .  Waste  Disposal: 

• 

a.  Evaporation  (Cooling)  Ponds.  If  the  water  quality 
is  good,  steps  should  be  taken  to  utilize  the 
waters  in  a  manner  beneficial  to  wildlife  and  live¬ 
stock.  If  the  waters  are  toxic,  steps  should  be 
taken  to  prevent  poisoning  of  wildlife,  livestock 
and  humans . 

b.  Reinjection.  Care  should  be  taken  to  prevent 
contamination  of  aquafers  which  are  used,  or 
have  potential  for,  water  supply. 

E.  Abandonment  c. 


Abandonment  of  a  geothermal  field  and  removal  of  plant  and 
surface  equipment  would  occur  over  a  long  period  of  time 
as  the  field  depletes.  A  restoration  and  reclamation  plan 
spelling  out  generalized  mitigating  measures  should  be 
required  prior  to  issuance  of  permits  to  proceed  with 
construction  of  facilities.  Requirements  for  restoration 
and  reclamation  would  be  varied  dependent  on  the  individual 
site. 

VIII.  RESIDUAL  IMPACTS 

Development  of  geothermal  resources  would  have  a  cumulative 
residual  impact  in  that  the  evidence  of  the  presence  of  man 
and  his  works  would  be  evident  for  years  to  come.  The  traces 
of  roads  and  pipelines,  and  the  location  of  physical  plant  sites 
would  be  evident  to  the  trained  observer  for  thousands  of 
years,  no  matter  how  thoroughly  restoration  and  reclamation  are 
done.  Residual  impacts  in  the  surrounding  areas  cannot  be 
realistically  evaluated  at  this  time.  Population  increases 
resultant  from  geothermal  development  could  be  either  permanent 
or  temporary  dependent  upon  innumerable  factors  other  than 
the  presence  of  a  geothermal  power  plant. 
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The  history  of  Nevada  shows  many  examples  of  populations 
thought  to  be  permanent  that  were,  in  reality,  ephemeral 
(Goldfield  and  Tuscarora  are  prime  examples) .  Predictions 
as  to  the  possible  development  of  a  resource  and  the  effects* 
on  surrounding  areas  and  population  cannot  be  considered 
meaningful  when- the  time  period  involved  is  in  excess  of  ten 
to  twenty  years. 

Subsidence  caused  withdrawal  of  fluids  may  be  considered  to 
be  permanent. 

Access  into  remote  areas  may  be  made  simpler  and  the  values 
of  solitude  and  remoteness  would  be  compromised. 

Ecological  processes  will  be  impacted  as  previously  described. 

IX.  RELATIONSHIP  BETWEEN  SHORT-TERM  USE  AND  LONG  TERM  PRODUCTIVITY 

Development  of  the  geothermal  resource  potential  in  the  Shoshone 
Resource  Area  would  tap  a  previously  unused  natural  resource 
to  supplement  and  replace  energy  sources  now  used  to  supply  the 
existing  and  future  demands  of  the  nation.  The  leasing  of 
lands  for  geothermal  development  would  involve  commitment  of 
a  portion  of  the  available  resources  of  land,  water  and  air  of 
the  sites  involved.  The  lifetime  of  the  potential  energy  sources 
cannot  be  predicted  accurately,  though  lifespans  in  excess  of 
30  years  may  be  considered  reasonable,  (Larderello  Field  in 
Italy  has  been  in  continuous  production  since  1905) .  It  is 
possible  that  as  technology  develops  these  potential  sources 
of  energy  could  have  their  lifespan  extended. 

At  some  time  in  the  future,  these  sources  would  no  longer  prove 
•  economic.  At  that  time,  the  leases  would  terminate,  facilities 
would  be  dismantled  and  the  land  restored  as  much  as  may  be 
practicable.  The  combination  of  reclamation  and  restoration, 
plus  natural  vegetation  recovery  should  result  in  reversion 
to  a  natural  condition  similar  to  that  prior  to  commencement 
of  operations.  At  the  present  time,  a  majority  of  the  lands 
in  the  resource  area  are  limited  as  to  their  productivity 
from  the  standpoints  of  agriculture,  wildlife,  etc.,  because 
of  insufficient  rainfall. 

If  the  proposal  is  implemented  high  productivity  for  a  relatively 
short  term  (the  life  of  the  project)  will  be  realized.  After 
abandonment  and  reclamation  and  restoration,  these  lands  should 
revert  to  approximately  their  present  level  of  productivity. 


\ 
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X.  IRREVERSIBLE  AND  IRRETRIEVABLE  COMMITMENT  OF  RESOURCES 


Depletion  of  water  and  thermal  energy  from  the  geothermal  reservoir. 
The  prime  item  of  importance  here  is  depletion  of  water.  The 
depletion  of  available  thermal  energy  from  a  source  of  this  type 
is  not  a  realistic  consideration. 

Consolidation  of  aquafers  in  the  geothermal  reservoir,  and  the 
land  subsidence  and  changes  in  surface  drainage  patterns,  etc., 
that  may  result  from  removal  of  fluids  from  the  geothermal 
reservoir. 

Permanent  scarring  of  the  landscape  resultant  from  construction 
activities. 

Loss  of  remoteness  due  to  improved  access . 

XI.  IMPACTS  OF  THE  ALTERNATIVES 

A.  Do  not  allow  leasing  of  non-excluded  lands  within  the  resource 

area.  This  alternative  would  involve  an  administrative  decision 
by  the  Department  of  the  Interior.  Not  to  lease  for  geothermal 
resource  development  any  of  the  national  resource  lands  (NRL) 
within  the  resource  area.  The  impacts  of  Alternative  #1  are 
as  follows  t  e* 

A  decision  not  to  lease  could  seriously  hamper  development  of 
the  resource  in  that  a  portion  of  the  areas  which  have  potential 
lie  within  the  "checkerboard"  land  ownership  pattern.  Orderly 
and  efficient  development  of  national  resource  lands  and  private 
lands  will  require  that  the  geothermal  resource  areas  be 
developed  as  a  unit  rather  than  piecemeal  if  the  best  interests 
of  the  government  and  the  private  landowners  are  to  be  served. 

Alteration  of  the  existing  environment  would  occur  to  a  signi¬ 
ficant  degree  in  the  areas  of  "checkerboard"  land  ownership 
whether  or  not  leasing  of  national  resource  lands  takes  place 
as  significant  geothermal  development  will  (and  for  that  matter 
has)  occurred  on  the  private  lands. 

Some  domestic  energy  sources  will  have  to  be  developed  whether 
or  not  leasing  of  federally  owned  geothermal  resource  occurs. 

At  best,  the  decision  not  to  lease  could  be  considered  a 
poor  trade-off  as  geothermal  energy  has  the  potential  for 
having  a  lesser  environmental  impact  than  the  development  of 
other  energy  sources  at  the  present  and  imminent  levels  of 
technology  (for  a  complete  discussion  of  these  alternatives 
see  "Final  Environmental  Statement  for  the  Geothermal  Leasing 
Program"  U.  S.  Department  of  the  Interior,  1973). 
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Lease  only  as  may  be  required  to  honor  grandfather 

rights  (as  defined  in  43  USC  3230) .  It  is  believed 
that  there  are  no  "Grandfather  Rights",  as  defined 
in  43  USC  3230  within  the  area  under  discussion.  Should 
controversy  arise,  this  would  be  a  matter  for  the  judiciary 
to  decide. 

Essentially,  this  alternative  is  the  same  as  alternative 
A  preceding,  and  the  discussion  therein  is  included  by 
reference. 

C.  Lease  only  those  portions  of  the  resource  area  upon  which 
impacts  will  be  minimal.  In  the  Shoshone  resource  are^, 
those  areas  upon  which  minimal  impacts  would  be  caused 
by  geothermal  leasing  are  not  the  areas  which  show 
potential  for  geothermal  energy  production.  In  essence, 
this  alternative  is  a  variation  of  alternative  A,  whether 
or  not  to  lease,  and  reference  is  made  to  the  discussion 
included  therein. 

XII.  PERSONS,  GROUPS  AND  GOVERNMENT  AGENCIES  CONSULTED 

Nevada  Department  of  Fish  and  Game 
Desert  Research  Institute  -  University  of  Nevada 
Chevron  Oil  Company 
Geothermal  Services,  Inc. 

Elko  BLM  District 

Winnemucca  BLM  District 

Idaho  State  Office  -  BLM  (E.  Barnes) 

Lander  County  Planning  Commission 
Nye  County  Administrator 

Geologic  Division,  U.  S.  Geological  Survey 
Conservation  Division,  U.  S.  Geological  Survey 

XIII.  INTENSITY  OF  PUBLIC  INTEREST 

Public  interest  concerning  the  development  of  geothermal 
resources  in  the  Battle  Mountain  District  could  best  be 
described  as  curiosity  at  the  present  time.  Numerous  articles 
have  been  published  in  newspapers  and  magazines,  and  television 
news  items  about  geothermal  leasing  and  exploration  have 
brought  an  awareness  of  the  possibility  of  geothermal  power 
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development  to  the  general  public  and  the  local  governmental 
and  regulatory  bodies. 

Generallv  the  possibility  of  geothermal  power  plants  has  been 
accepted,  and  no  controversy  has  evolved  for  the  areas 
involved.  Concern  has  been  expressed  by  segments  of  the 
public  as  to  the  possiblity  of  "drying  up"  hot  springs,  and 
lowering  the  quality  and  quantity  of  forage  in  the  areas 
watered  by  the  hot  springs.  These  possibilities  have  been 
discussed  under  impacts  of  the  proposed  action. 

Local  governmental  units  generally  welcome  the  possibility 
of  geothermal  power  plant  development ,  with  the  prospects 
for  increased  tax  base  and  revenue. 

To  some  extent,  there  are  apprehensions  that  an  awareness 
of  the  additional  demands  that  would  be  placed  upon  them  in 
the  fields  of  education,  law  enforcement,  providing  of  water 
supplies  and  sewage  treatment  facilities  to  name  but  a  few. 

XIV.  PARTICIPATING  STAFF 

Philip  W.  Zieg  -  Shoshone-Eureka  Area  Manager 

Ed  Fisk  -  Wildlife  Specialist  (Now  at  Richfield  Utah  BLM  Office) 

Cv 

Ted  W.  Holland  -  Geologist  and  Geothermal  Specialist 

Mike  Mitchel  -  Wild  horse  and  Range  Specialist 

Terry  Reed  -  Wildlife  and  Recreation  Specialist 

Dave  Everett  -  Realty  Specialist  and  Environmental  Coordinator 

Tommy  Gooch  -  Natural  Resource  Specialist 

XV.  RECOMMENDATIONS  ON  ENVIRONMENTAL  IMPACT  STATEMENT 

No  environmental  impact  statement  is  necessary  at  this  time 
in  the  analysis. 
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District  Manager 
O  Battle  Mountain 


LL  -  /-74 

Date 


50 


LIST  OF  THE  MAMMALS  OF  THE 
.  SHOSHONE  RESOURCE  AREA 


SHREWS: 

Vagrant  Shrew,  Sorex  vaqrans 

Found  in  mountain  areas  along  stream  banks 
and  marshy  areas. 

Water  shrew,  Sorex  pa  I ustr j s 

- Found  In  mountains  along  cold  streams. 


BATS: 

Big  Myotis,  Myotis  lucifugus 

•  Often  found  near  water. 


V 

California  Myotis,  Myotis  californicus 

Common  in  the  lower  desert  areas.  A  caVe~6at - - — - 

t 

Long-eared  Myotis,  Myot i s  evot i s 

Found  mainly  in  areas  with  trees. 

Hairy-winged  Myotis,  Myotis  volans 

Common  in  tree  areas  and  around  water c„ 

Small -footed  Myotis,  Myotis  subulatus 
Usually  found  beiow  6,500  feet. 

Uses  niches  in  rocks,  trees,  or  buildings  to  roost. 

I*  Spotted  bat|  Euderma  macu !  ata 

Very  rare  in  State  ■ —  may  be  located  in 

District.  Please  report  any  findings.  •  . 

Hoary  bat,  Las ? urus  c 1 nereus 

A  colonial  bat  f6und  in  the  lower  areas 
of  the  District. 

Bfg- brown  bat,  Eptesicus  fuscus 
Common.  A  cave  bat. 

Western  pipistrel  I e ,  Pi p i stro I  I  us  hosporus 

In  western  and  southern  parts  of  State. 

Long-eared  bat,  Corynorh i nus  ra  f  ?  nesqu  ? 1 
Found  occasionally. 

Palled  bat,  Antrozous  pall? dus 

A  common  cave  bat  in  southern-part  of  District. 

1  *  1  On  list  of  rare  and  endangered  species  for  United  States 

*1“ 
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Mi'\iCtin  Rat,  Tndar  Ida  Mox  icnna . 

A  common  cave  "bet.  Distribution  limited 
to  southern  pert  of  District. 


WfAf.FL  FAMILY: 

Short-tailed  weasel,  Mustela  cicognnnii. 

Found  in  the  higher  mountains  of  District, 
but  travels  to  lower  elevations  during 
winter. 

Long-tailed  weasel,  Mustela  frenata. 

Located  throughout  District. 

Mink,  Musteia  vison. 

Habitat  restricted  to  lakes,  streams,  and 
water  courses. 

River  Otter,  Lutra  canadensis. 

Found  along  Humboidt  River. 

- "Spotted’ skunk,  Sp i loqa I e  qraci I  is. 

Occasional  in  District.  Nocturnal  in  habits. 

Badger,  Taxidea  taxus. 

Fairly  common  throughout  the  District. 

e* 

DOG  FAMILY: 

Red  fox,  Vu I pes  f u I va . 

Recorded  in  southern  portions,  but  not  common. 

Kit  fox,  Vulpes  macrotis. 

Found  at  lower  elevations.  Small  big-eared  fox 

Gray  fox,  Urocyon  c i nereoargenteus. 

Found  mainly  in  southern  portion  of  District. 

Coyote,  Can i s  I atrans. 

r.  Common  throughout  the  District. 


CAT  FAMILY: 

Mountain  lion,  Fe I i s  conco lor. 

Found  in  most  higher  elevation  areas. 

Bobcat,  Lynx  rufus. 

Common  in  entire  region,  although  not  abundant. 
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RODENT  FAMILY: 


Ye  I  low- bo  I  I led  marmot ,  Marmot a  f lavi vontri s . 

Very  few  sightings  have  been  made  of  this  species 
In  the  District.  Found  in  higher  mountain  areas. 

To>es^.nd  ground  squirrel.  Cite!  1  us  towsend  f  ?  . 

Distributed  throughout  area,  commonly  seen. 


Bel  ding  ground  squirrel.  Cite! I  us  be  I  ding i . 

Noted  to  exist  In  most  of  the  District. 

Rock  Squirrel,  Citellus  varieqatus. 

Inhabit  southern  portion  of  District. 

AnteloDe  ground  squirrel,  Citellus  1 eucurus. 
Common  throughout  the  District. 


Golden-mantled  ground  squirrel.  Cite! I  us  latera I ?  s. 

Found  In  higher  elevations.  Commonly  mistaken  for  Chipmunk. 

Least  chipmuck,  Eutarnias  minimus. 

In  sagebrush  areas  and  valleys.  Smallest  of  Nevada  Chipmunks. 


Cliff  chipmunk,  Eutarnias  dorsa I  Is. 

Among  pinons  and  junipers. 


Say  chipmunk,  Eutarnias  cuadr i vittatus. 

Higher  zones  of  the  isolated  central  mountain  ranges 


Little  pocket  mouse,  Perognathus  long imembr ? s. 

Found  in  very  arid  areas. 

j 

Great  Basin  pocket  mouse,  Perognathus  parvus. 

Inhabits  areas  far  from  water. 

|  4 

Long-tailed  pocket  mouse,  Perognathus  formosus. 

r.  t  Found  in  eastern  part  of  District  in  storey  habitats. 

% 

Dark  kangaroo  mouse,  Microd i podops  meqacepha I  us. 

Most' frequent  I y  found  in  central  and  western  part  of  District 

Pale  pygmy  kangaroo  rat,  Microd i podops  pnliidur.. 

Within  District,  restricted  to  western  Nye  County. 

Ord  Kangaroo  rat,  Pi podomys  ord i i .  ) 

The  most  common  knagarco  rot,  located  in  icwor  ei ovation  areas. 

r 

Great  Basin  kangaroo  rat,  PI podomys  mi  crops. 

'  Found  In  sagebrush  and  shadscalo,  grease wood  communities. 
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Nor  thorn  pocket  gopher,  Thomomys  bottae. 

Common  throughout  District. 

Northern  grasshopper  mouse,  Onychomys  1  onocoyns tor. 

Common  in  upper  Sonoran  life-zene. 

• 

Southern  grasshopper  mouse,  Onychomys  torr i dun. 

Occupies  lower  areas  in  southern  portion  of  District. 

Western  harvest  mouse,  Ro ? f hrodontomvs  mega  I ot i s . 

May  be  found  anywhere  in  area,  but  especially  in  grassy 
places  near  water. 

.  i 

Canyon  mouse,  Peromyscus  crinitus.  _ 

-  Lives  in  stony  places  among  rocks,  especially  in  canyons. 

Deer  mouse,  Peromyscus  man i cu I atus. 

One  of  the  most  abundant  rodents  almost  anywhere. 

Plnon  mouse,  Peromyscus  truei. 

Generally  found  in  rocky  areas  supporting  plnon  pines. 

Long-ta 1 1 ed  meadow  mouse,  Microtus  long icaudus. - 

Mostly  found  in  the  higher  mdr^vtairiO us  areas. _ - 

Montane  meadow  mouse,  Microtus  montanus. 

Found  in  higher  areas  throughout  District. 

Sagebrush  Vole,  LaGurus  curtatus. 

Lives  in  colonies  in  brush  communities. 

Bushy-tailed  wood  rat,  Neotoma  cinerea. 

Common  in  District.  Characteri st lea i ! y  builds  nests  of 
sticks  and  similar  material. 

Desert  wood  rat,  Neotoma  leoida. 

Occurs  in  lower  areas  of  district.  Nest  is  a  mound  of  s ricks. 

House  mouse,  Mus  muscu  I  us-.  * 

Non-native,  but  now  d i str i buted  througout  District, 

r  • 

.•  * 

Big  jumping  mouse,  Zapus  princeps. 

.Inhabits  the  higher  portions  of  District,  Often  lives 
near  streams.  Nocturnal. 

Muskrat,  C~d=xra  z i ica . 

Aquatic.  Often  cuilds  nest  in  waters, 

Beaver,  Castor  canadensis. 

Largest  rodent,  inhabits  aquatic  areas. 

« 

Porcupine,  Erethizon  dorsatum. 

Found  in  saoebrush  and  meadows  as  well  as  forests. 
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Pika,  Ochotona  pr I  neons. 

Found  in  rocky  slopes  at  high  elevations. 


RABBIT  FAMILY: 

While-tailed  jackrabbit,  Lepus  tov/send  i  i . 

Very  rare  in  District. 

Black-tailed  jackrabbit,  Lepus  ca I i forn i cus. 

Very  common  and  abundant  throughout  District. 

Nutta i I  cottonta i 1 ,  Sy I v I  I agus  nutta I  I i i . 

Rather  common,  especially  along  streams  and  canyons. 

Audubon  cottontail,  Sylvilagus  audubonii. 

Restrict  to  southern  part  of  District. 

Pigmy  rabbit,  Sylvilaous  idahoensls. 

Mainly  found  in  areas  of  big  sage  plant  communities. 


DEER: 

Mule  deer,  Odocoeleus  hemionus. 

_ _ Common  throughout  District. 


ANTELOPE: 

Prong-horned  anteiope,  Antiiocapra  americana. 

Open  rangelands  habitaT.  Are  found  in  Smith  Creek 
Valley  and  the  southern  valleys  of  the-D-Lstr-iot-. — 
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BIRD  LIST 


LOONS 

Common  Loon 

« 

- f 

GREBES 

Horned  Grebe  • 

9 

Eared  Grebe 
Western  Grebe 
Pied-bi 1  led  Grebe 


PELICANS  &  CORMORANTS 
White  Pel ican 


HERONS  AMD  ALLIES 

Greet  Blue  Heron 
Common  Egret 
American  Bittern 
Black-crowned  Night  Heron 
Snowy  Egret 

White-faced  glossy  ibis 
WATERFOWL 

i 

Whistling  Swan 
Canada  Goose 

White-fronted  Goose  •  * 

Snow  Goose 

Ma  I  I  a  rd 

Gadwa I  I 

Pinta i  I 

Green-winged  Teal 
Blue-winged  Teal 
Cinnamon  Teal 
American  Wlgeon  . 

Shover ler 
V/ood  Duck 
Redhead 

Ring-ncck  Duck  ~ 
Canvasback 
Lesser  Scaup 
Common  Goldenoyo 


I 


. 

' 


Ru  f  f  I ohoad 
Ruddy  Duck 
Hooded  Merganser 
Common  Merganser 
Rod-breasted  Merganser 

VULTURES,  HAWKS  <3,  FALCONS 


Turkey  Vulture 
Goshawk 

Sharp-shinned  Hawk 
..Cooper’s  Hawk 
Red-tailed  Hawk 
Swain son’s  Hawk 
Rough- 1  egged  Hawk 
Ferruginous  Hawk 
Golden  Eagle 
Bald  Eagle 
Marsh  Hawk 
Osprey 

Prairie  Falcon 
Pigeon  Hawk 
Sparrow  Hawk 


GALLINACEOUS  BIRDS 

Bl ue  Grouse 
Sage  Grouse 
Ca l i forn ia  Qua i I 
Ring-necked  Pheasant 
Chukar  Partridge 
Hungarian  Partridge 
Snow  Partridge 


CRANES  &  ALLIES 

• 

t  -  #  •  • 

*  *  •  4 

• Sandh i I  I  Crane 
Virginia  Rail 
Sora  Rail 
American  Coot 


SHOREBIRDS 

Ki  I  I  deer 
Common  Sn i pe 
Long-billed  Curlew 
Spotted  Sandpiper 
Solitary  Sandpiper 
Wi  I  let 
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Oro.it or  Yollowlegs 
Western  Sandpiper 
American  Avocot 
Ml.irk-nocko<i  Stilt 
Wilson's  Phalnropo 
Northern  Phn laropo 


GULLS,  TERNS 

Ca I i torn i a  Cu I  I 
Ring-bi I  led  Gull 
Foresters  Tern 
Caspian  Tern 
Black  Tern 


DOVES 

Mourning  Dove 


OWLS 


Screech  Ov/I 
Great  Horned  Owl 
Burrowing  Owl 
Long-eared  Owi 
Short-eared  Owl 
Saw-Whet  Owl 

GOATSUCKERS 

Poor-wi I  I 
Nlghthawk 


SWIFTS 


White-throated  Swift 
Vaux  Swift  . 


HUMMINGBIRDS 

Costa's  Hummingbird 
Broad-tailed  Hummingbird 
Rufous  Hummingbird 
Calliope  Hummingbird 


KINGFISHERS 


Belted  Kingfisher 


WOOPFTCKTRS 


Rod-shafted  FI icker 
Lewis  Woodpecker 
Yellow-bellied  Sapsucker 
Hairy  Woodpecker 
Downy  Woodpecker 

FLYCATCHERS 

Eastern  Kingbird 
Western  Kingbird 
Ash-throated  Flycatcher 
Says  Phoebe 
Traill's  Flycatcher 
Western  Flycatcher 
Hammonds  Flycatcher 
Ducky  Flycatcher 
Gray  Flycatcher 
Wood  Pewee 

Olive-sided  Flycatcher 


LARKS 

Horned  Lark  * 


SWALLOWS 

Viol et-green  Swa I S  ow 
Tree  Swa I  low 
Bank  Swa i low 
Rough-winged  Swallow 
Barn  Swallow 


JAYS,  MAGPIES  &  CROWS 
Scrub  Jay 

Black-billed  Magpie 
Common  Raven 
Crow 

Pinyon  Jay 
Clark's  Nutcracker 


CHICKADEES  4  ALLIES 

Mt.  Chickadee 
Plain  Titmouse 
Bushtlt 


' 
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NUTHATCHES 


.%**  i  ro-irreistod  Nuthatch 
Rod-b roosted  Nuthatch 


DIPPERS  AND  WRENS 

Dipper 
House  Wren 
Rock  Wren 

Long-bi  I  led  March  Wren 
Canyon  Wren 


MOCKING  BIRDS  AND  THREASHERS 

Mockingbird 
Brown  Thrasher 
Sage  Thrasher 


-THRUSHES 

Robin 

Hermit  Thrush 
Swainson’s  Thrush 
Western  Bluebird 
Mountain  Bluebird 
Town  send  * s  Solitaire 


KINGLETS  &  ALLIES 

s~ 

Blue-gray  Gnatcatcher 
Golden-crowned  Kinglet 
Ruby-crowned  Kinglet 
Water  Pipit 

!'  •  r  '■  •; 

WAXWINGS  .  ■ 

Bohemian  Waxwing 
Cedar  Waxwings 


SHRIKES,  STARLINGS 

Northern  Shrike 
Loggerheaded  Shrike 
Starl Ing 


' 


VI  RIOS 


Sol i tary  VI reo 
Wvirb  I  ing  VI  reo 


WARBLERS 

Orange-crowned  Warbler 

Virginia’s  Warbler 

Ye  I  low  Warb I er 

Myrt  I  e  War  b I er 

Audubon’s  Warbler 

Black-throated  Gray  Warbler 

Townsend’s  Warbler 

Hermit  Warbler 

MacGi I  I i rray’ s  Warbler 

Ye  I lowthroat 

Ye  I  low-breasted  Chat 

Wi  I  son’s  V/arbler 


WEAVER  FINCHES 

House  •  (Engl i sh)  Sparrow 


BOBOLINKS,  BLACKBIRDS  &  ORIOLES 
Bobol ink 

Western  Meadowlark 
Yellow-headed  Blackbird 
Red-winged  Blackbird 
Scott’s  Oriole 
Bu I  lock’ s  Oriole 
Brewer’s  Blackbird 
Common  Grackle 
Brownheaded  Cowbird 


TANAGERS 


Western  Tanager 


GROSBEAKS,  FINCHES,  SPARROWS  &  BUNTINGS 

Black-headed  Grosbeak 
Indigo  Bunting 
Lazuli  Bunting 

- Evening  Grosbeak 

Cassins  Finch 
House  Finch 

Gray-crowned  Rosy  Finch 


G 


;  i'  i 


Pino  Sink in 
American  (old finch  * 
Lessor  Col df inch 
Red  Crossbill 
Oreon-tn i I ed  Towhoe 
Rufus-sided  Towhee 
Lark  (hunting 
Savannah  Sparrow 
Grasshopper  Sparrow 
i.  Vesper  Sparrow 
Lark  Sparrow 
Black-throated  Sparrow 
Sage  Sparrow 
Oregon  Junco 
Gray-headed  Junco 
Tree  Sparrow 
Chipping  Sparrow 
Brewer's  Sparrow 
Harris'  Sparrow 
White-crown  Sparrow 
White-throated  Sparrow 
Gold  Crown  Sparrow 
Fox  Sparrow 
Lincoln's  Sparrow 
Song  Sparrow 


Cv 
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LIST  OF  THE  FISH  OF  THE 
SHOSHONE  RESOURCE  AREA 


TROUT: 

Lahontan  Cutthroat  Trout,  Sal  mo  clarki  henshaw? 

Found  In  Upper  Reese  River  and  Tierney  Creek. 
Native  species  in  the  Humboldt  River  System. 
Rare  and  endangered  species. 


Rainbow  Trout,  Sal  mo  qairdneri 

_ .  Found  in  many  waters  throughout  the  District. 

This  introduced  species  Is  now  the  primary  species 
planted  in  the  District.  Very  important  game  fish. 


Brown  Trout,  Sa I  mo  trutta 
Found 


waters 


throughout  the  District, 
that  has-been 'able  to  esfab 


in  many 

Introduced  species  that  has-been  able  to  establish 
self  sustaining  populations  in  many  streams  throughout 
the  District. 


streams 


Brook  Trout,  Sa I vei ? nus  f ront ina I  I s 

Introduced  game  species  found  in  many 
throughout  the  District.  First  plantings  were 
prior  to  1900. 


Tul  Chub,  Slphateles  bicoior 

Native  to  RR  Valley  where  eight  forms  of  this 
species  have  been  collected.  This  non-game  fish 
Is  also  found  in  the  Humboldt  River  System. 


' 


La  ho  n  t  o  n  S  pock  I  e  Dace,  Rhinichthys  or.cu  I  us  vol  i  for 

round  in  a  spring  in  Caroco  Lake  Volley,  Lander  County. 

Native  to  Humboldt  River  system.  Non -game  fish. 

(Unclassified)  Speckle  Dace,  Rhinlchthys  sp 

Found  in  springs  in  Grass  Valley  -  Lander  County 
Big  Smoky  Valley  -  Nye  County 
Monitor  Valley  -  Nye  County 
Antelope  Valley  -  Eureka  County 

This  dace  is  endemic  to  the  areas  mentioned.  Non-game  fish. 

Lahontan  Redshiner,  Richardson i us  egregius 

Planted  in  Lock’s  pond  i! 2  and  Upper  Reese  River. 

Non-game  fish. 

SUCKERS: 

Lahontan  Mounta insucker,  Pantosteus  lahontan 

Found  in  the  Upper  Reese  River  and  Upper  Reese  • 

River  tributary  streams.  Native  to  Humboldt  River 
system.  Non-game  fish. 

Tahoe  Sucker,  Catostomus  tahoens ?  s  i 

Probably  found  in  the  Upper  Reese  River.  Native  to 
Humboldt  River  system.  Non-game  fish. 

CATFISH: 

« 

Brown  Bullhead,  Ictalurus  nebulosus 

In+orudced  into  Flynn  Por^d,  Eureka  County.  Game  fish. 
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SHOSHONE  RESOURCE  AREA 

Amphibian  and  Reptile  List 


Amphibians 


Spadefoot  Toads: 

Great  Basin  Spadefoot,  Scophiopus  intermontanus 

Ranges  from  sagebrush  fiats  to  mountainous  areas 
throughout  the  District. 


True  Toads: 

Boreal  Toad,  Bufo  boreas  boreas 

Found  in  wef  areas  throughout  the  District. 


Tree  Frogs: 

Pacific  Treefrog,  Hyla  regilia 

Chiefly  a  ground  dweller  found  around  low  plant 
growth  near  water.  •  c* 


■True  Frogs: 

Spotted  Frog,  Rana  nretiosa 

Occurs  in  springs,  streams  and  ponds.  Found  in 
the  northern  oortion  of  the  District. 

Leopard  Frog,  Rana  pfpiens 

This  frog  frequents  where  there  is  permanent  water  and 
cattails.  Found  is  suitable  habitat  throughout  the 
State. 

•  •  ^ 

.  Bullfrog,  Rana  catesbeiana 

Not  many  found  in  the  District,  probably-  due  to  the 
small  amount  of  aquatic  habitat  in  the  District. 


. 

' 


Skinks: 


Great  Basin  Skink,  Eumeces  ski 1  torn* anus  ntahonsis 

Found  in  grassland,  woodland,  and  forests,  under  logs,  bark, 
rocks  and  other  surface  objects  near  streams  and  sometimes 
on  dry  hillsides  far  from  water.  Located  in  suitable  habitats 
throughout  entire  District. 


Whlptalls: 

Great  Basin  Whiptail,  Cnedmidophorus  tigris  tigri s 

An  active  lizard  or  and  and  semi -arid  Fa bi  tats  occurring 
along  gravelly  washes,  and  in  rocky  places  in  sagebrush, 
grassland,  and  brushy  foothill  areas.  Found  in  suitable 
habitats  throughout  the  State. 


Snakes: 

Boas: 


Rocky  Mountain  Rubber  Boa,  Charina  bottae  utahensis 

Frequents  grassland,  woodland  and  forest  in  and  beneath 
rotting  logs.  A  rocky  stream  with  banks  of  sand  or  loam 
in  a  coniferous  forest  is  a  favorable  habitat.  A  good 
swimmer,  burrower  and  climber. 


Colubrids: 

'  Western  Yellow-bellied  Racer,  Coluber  constrictor  mormon 

This  snake  favors  open  habitats  of  meadows,  thin  brush. 
Lives  in  semi-arid  and  moist  environments.  Avoids  ex¬ 
tremely  dry  areas  and  high  mountains.  Found  in  northern 
portion  of  District. 

Red  Racer  Coachwhip,  Masticophis  flagellum  piceus 

Avoids  dense  vegetation  a. id  tolerates  dry  conditions  - 
very  swift  snake.  Found  in  the  southern  portion  of 

District. 

Desert  Striped  Whipsnake,  Masticophis  taeniatus  taoniatus 
A  snake  of  brushlands,  grasslands,  sagebrush  flats, 

_  pi nyon- juniper  to  9#400"feet.  An  alert,  fast  moving 

dlrunal  snake  found  throughout  most  areas  of  the  District^ 
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Mojave  Patch-noscd  Snake,  Salvadora  hoxalonis  mujavr.riv,  i-. 

Found  in  the  southern  desert  portion  ot  IK*  iJisu  iol. 

Very  fast  snake. 

Great  Basin  Gopher  Snake,  Pituophis  mol anol onrus  dosorj/icol  a_ 
Occupies  a  great  variety  of Tkib’fta ts i  cuFt i vr.’toT YieirJs^ 
grass  or  brush  are  especially  favored,  iho  most  common 
snake  in  the  District;  found  throughout  most  of  the 
District  and  t  h  e^57rfc4££^St  a t e  of  fleya.ua. 

California  Kingsnake,  Lampropeltis  gctulus 

Found  in  rocky  canyons  which  have  good  vegetative  cover. 
This  snake  is  well  thought  of  because  part  os  its  diet  is 
other  snakes.  Found  throughout  most  of  the  District. 


Western  Long-nosed  Snake,  Rincheilus  locontei  lecontpi 

This  snake  inhabits  vaTTevs  a ruT  Too l hi  1  Ts ,  T>u t  T  el dom 
occurs  in  the  mountains.  A  good  bur rower,  it  spends 
its  daylight  hours  underground.  Found  throughout  most 
of  the  District. 


Wandering  Garter  Snake,  Thamnophis  elegans  v a grans 

This  snake  has  a  variety  of  habitats  from  sea  level  to 
high  mountains.  Often  in  damp  environments  near  water. 
Found  wherever  damp  areas  are  found. 


Western  Ground  Snake,  Sonera  s 
Frequents  sandy  hillsides 


emiannulata 
or  YlrTff*  with 


/\ ^ 
^  • 


wt tncut 


Found  under  rocks  or  in  sand  hummocks  to  C * 000  feet 
Located  along  the  north  edge  of  the  District. 


recks. 


Nevada  Shovel -nosed  Snake,  CM  or*  c*  is  occipital  is 

Found  in  extreme  southorr  pari;  o’f  district  in  dry  sandy 
areas.  Burrows  into  the  sand  for  daytime  protection  and 
hunts  insects  at  night. 


Desert  Night  Snake,  Hypslgl on:  torquat 
..  .Habitat  consists  rna'inTy 

j  i  j 


dessnrticol a 


.  •, age-brush  flats,  deserts,  lower 
slopes  of  mountains  in  both  rocky  and  sandy  areas.  A 
nocturnal  prowler  feeding  on  lizards  and  frogs.  Kills  prey 
by  injecting  venom  from  rear  enlarged  grooved  teeth  of 
the  upper  jaw.  Found  throughout  most  of  the  District. 


/ 


# 


T 
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Vipers:  •  • 

\ 

Grea t  Basin  Ra t tl es na ke ,  Crotalus  viri dj s  i u ho z us. 

The  Great  Basin  rattler  frequents  a"  variety  of  habitats. 
Found  in  many  locations  throughout  the  entire  District. 


a  i 
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DISCRETE  OPERATION’S 
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Action  -  Enter  action  being  taken,  analytic  step  for  which 
worksheet  is  being  used,  environmental  viewpoint  of  im 
pact,  and  any  assumptions  relating  to  impact. 

■  Worksheet  is  normally  used  to  analyze  "Anticipated 
Impacts "  of  action;  however,  it  may  be  used  to  a^aJjze 
"Residual  Impacts .  ”  Worksheets  may  also  be  used  to 
compare  impacts  before  and  after  mitigating  measures 

b.  St  a  te?  viewpoint  that  best  describes  environmental  im¬ 
pact.  For  example,  a  fence  viewed  down  the  fence 
line  has  greater  impact  than  the  same  fence  viewed 
over  an  entire  allotment.  Generally,  narrow  viewpoints 
better  illustrate  specific  impacts  than  will  broad 

c.  A*s  sump  Uon s  may  be  made  to  establish  a  base  for 
analysis  (e.g.  estimated  time  periods,  season  of  year, 
etc.). 

Stages  o/  Implementation  -Identify  different  phases  of 
'  proposed  project  (e.g.  a  road  project  consists  oj  survey, 
construction,  use,  and  maintenance  stages ). 


INSTRUCTIONS 


3.  0 


, terete  Operations  -  Identify  separate  actions  com¬ 
prising  a  particular  stage  of  Implementation  (e.g.  the 
contraction  stage  oj  the  road  pro, eel  has  the  discrete 
operation*  of  clearing,  grading,  and  surfacing). 

r.lements  Imparted  -  Enter  under  appropriate  heading  all 
environmental  elements  susceptible  to  impact  from 
^d  alternatives.  Relevant  elements  not  contained  In  the 
digest  should  also  be  entered.  See  ULM  Manual  1791, 
Appendix  2,  Environmental  Digest. _ , 


lb  . 

5  Anticipated  Impact  -  Evaluate  anti-ipated  impact  on  each 
'  element  and  place  an  entry  in  the  appropriate  square  indi¬ 
cating  degree  of  impact  as  low  (L),  medium  (M),  hu.h  UU. 
no  impact  (O).  or  unknown  or  negligable  (X).  Proceed 
each  entry  by  a  plus  (+)  or  minus  (-)  sign  indicating  a 
beneficial  or  adverse  type  of  impact.  If  type  of  impact 
reflects  a  matter  of  opinion  or  is  not  known,  do  not  pro¬ 
ceed  with  a  sign.  For  example,  construction  of  a  wind  mill 
on  open  range  has  a  definite  visual  impact;  however  to 
some  people  the  effect  is  detrimental  while  to  others  it  is 
an  improvement.  Bv  not  entering  a  plus  (+)  or  mln“s 
sign  the  worksheet  is  kept  factual  and  unbiased.  If  both 
degree  and  type  of  impact  are  unknown,  place  an  (x)  in  the 
appropriate  square. 

a.  The  measures  of  impact  (e.g.  low.  medium  and  high) 
are  relative  and  their  meaning  mav  vary  slightlv  from 
action  to  action.  The  term  "low ’’should  not  he  ap¬ 
plied  to  impacts  of  a  negligible  nature.  For  r\  imple 
we  know  that  a  pickup  truck  driving  down  a  pi  posed 
fence  line  laying  wire  has  some  impart  on  airo  llitv. 
However,  the  significance  of  this  impact^  i  *  not 
normally  great  enough  to  warrant  even  a  low  rating. 
In  cases  like  this,  the  impact  will  usually  be  marked 
"O"  or  the  clement  left  off  the  worksheet. 

b.  It  is  recognized  that  some  environmental  elements  may 
defy  accurate  measurement  or  in-depth  analysis  with¬ 
in  current  Bureau  capabilities  or  expertise.  The  nature 
of  the  action  ns  well  as  type  and  degree  of  impact 
should  guide  in  the  decision  to  seek  outside  expertise 
or  assistance. 

6.  Remarks  -  Enter  clarifying  information.  _ 
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INSTRUCTIONS 


n 


Action  —  Enter  action  being  taken,  analytic  step  for  which 
worksheet  is  being  used,  environmental  viewpoint  of  im¬ 
pact,  and  any  assumptions  relating  to  impact. 

a.  Worksheet  is  normally  used  to  analyze  "Anticipated 
Impacts"  of  action;  however,  it  may  be  used  to  analyze 
"Residual  Impacts."  Worksheets  may  also  be  used  to 
compare  impacts  before  and  after  mitigating  measures 
are  applied. 

b.  State  viewpoint  that  best  describes  environmental  im¬ 
pact.  For  example,  a  fence  viewed  down  the  fence 
line  has  greater  impact  than  the  same  fence  viewed 
over  an  entire  allotment.  Generally,  narrow  viewpoints 
better  illustrate  specific  impacts  than  will  broad 
viewpoints. 

c.  Assumptions  may  be  made  to  establish  a  base  for 
analysis  (e.g.  estimated  time  periods,  season  of  year, 
etc.). 

Stages  of  Implementation  —  Identify  different  phases  of 
proposed  project  (e.g.  a  road  project  consists  of  survey, 
construction,  use,  and  maintenance  stages). 

Discrete  Operations  -  Identify  separate  actions  com¬ 
prising  a  particular  stage  of  implementation  (e.g.  the 
construction  stage  of  the  road  project  has  the  discrete 
operations  of  clearing,  grading,  and  surfacing). 

F.lements  Impacted  -  Enter  under  appropriate  heading  all 
environmental  elements  susceptible  to  Impact  from  action 
and  alternatives.  Relevant  elements  not  contained  in  the 
digest  should  also  be  entered.  See  BLM  Manual  1791, 
Appendix  2,  Environmental  Digest.  _ 
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2. 


4. 


5.  Anticipated  Impact  -  Evaluate  anticipated  impact  on  each 
element  and  place  an  entry  in  the  appropriate  square  indi¬ 
cating  degree  of  impact  as  low  (L).  medium  (M),  high  (H), 
no  impact  (O),  or  unknown  or  negligable  (X).  Proceed 
each  entry  by  a  plus  (+)  or  minus  (-)  sign  indicating  a 
beneficial  or  adverse  type  of  impact.  If  type  of  impact 
reflects  a  matter  of  opinion  or  is  not  known,  do  not  pro¬ 
ceed  with  a  sign.  For  example,  construction  of  a  wind  mill 
on  open  range  has  a  definite  visual  impact;  however,  to 
some  people  the  effect  is  detrimental  while  to  others  it  is 
an  improvement.  By  not  entering  a  plus  (t)  or  minus  (~) 
sign  the  worksheet  is  kept  factual  and  unbiased.  If  both 
degree  and  type  of  impact  are  unknown,  place  an  (x)  in  the 
appropriate  square. 

a.  The  measures  of  impact  (e.g.  low,  medium,  and  Rich) 
are  relative  and  their  meaning  mav  vary  slightly  from 
action  to  action.  The  term  "loti  "should  not  be  ap¬ 
plied  to  impacts  of  a  negligible  nature.  For  example, 
we  know  that  a  pickup  truck  driving,  down  a  pt 
fence  line  laying  wire  has  some  impact  on  air  •  i • 
However,  the  significance  of  this  impact  ' 
normally  great  enough  to  warrant  even  a  "lou  "  i 
In  cases  iike  this,  the  impact  will  usually  be  r 
"O"  or  the  element  left  off  the  worksheet. 

b.  It  is  recognized  that  some  environmental  element 
defy  accurate  measurement  or  in-depth  analysis  with¬ 
in  current  Bureau  capabilities  or  expertise.  The  nature 
of  the  action  as  well  as  type  and  degree  of  impact 
should  guide  in  tha  decision  to  seek  outside  expertise 

- or  assistance. 

6.  Remarks  -  Enter  clarifying  information. 
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IN  L  V  A  U  A 


INSTRUCTIONS 


1.  Arli<>n  —  Ent«-r  ortion  being  taken,  analytic  step  for  which 
worksheet  is  lining  used,  environmental  viewpoint  of  im¬ 
pact,  and  any  assumptions  relating  to  impact. 

a.  Worksheet  is  normally  used  to  analyze  ''Anticipated 
Impacts''  of  action;  however,  it  may  be  used  to  analyze 
" Residua I  Impacts."  Worksheets  may  also  be  used  to 
compare  impacts  before  and  after  mitigating  measures 
are  applied. 

b.  State  viewpoint  that  best  describes  environmental  im¬ 
pact.  For  example,  a  fence  viewed  down  the  fence 
line  has  greater  impact  than  the  same  fence  viewed 
over  an  entire  allotment.  Generally,  narrow  viewpoints 

c  better  illustrate  specific  impacts  than  will  broad 

viewpoints. 

c.  Assumptions  may  be  made  to  establish  a  base  for 
analysis  (e.g.  estimated  lime  periods,  season  of  year, 
etc,). 

2.  Stapes  of  Implementation  —  Identify  different  phases  of 
proposed  project  (e.g.  a  road  project  consists  of  survey, 
construction,  use,  and  maintenance  stapes). 

3.  Discrete  Operations  —  Identify  separate  actions  com¬ 
prising  a  particular  stage  of  Implementation  (e.g.  the 
construction  shtge  of  the  road  project  has  the  discrete 
operations  r,f  clearing,  grading,  and  surfacing ). 

4.  lilements  Impacted  —  Enter  under  appropriate  heading  all 
environmental  elements  susceptible  to  Impact  from  action 
and  olternal i ves.  Relevant  elements  not  contained  in  the 

digest  should  also  be  entered, _ See  DI/M  Manual  1791, 

AtpendtT  /,  Environmental  Digest. 

*  •  ,  ■  i  it  wutnm  •»»kl  iV4  /«!•«' 


5.  Anticipated  Impai  t  -■  Evaluate  anticipated  impart  on  each 
element  and  place  mi  entry  in  the  appropriate  square  indi¬ 
cating  degree  of  impact  as  low  (L),  medium  (M),  high  til), 
no  impact  (O),  or  unknown  or  negligubte  (X).  Proceed 
each  entry  by  a  plus  (f)  or  minus  (-)  sign  indicating  a 
beneficial  or  adverse  type  of  impact.  If  type  of  impact 
reflects  a  matter  of  opinion  or  is  not  known,  do  not  pro¬ 
ceed  with  a  sign.  For  example,  construction  of  a  wind  -  ill 
on  open  range  has  a  definite  visual  impart;  houci  t  •  to 
some  people  the  effect  is  detrimental  while  to  others  •>  is 
an  improvement.  By  not  entering  a  plus  (+)  or  mime  p-) 
sign  the  worksheet  is  kept  factual  and  unhiasod.  If  l •  t h 
degree  and  type  of  impact  are  unknown,  place  an  (x)  in  the 
appropriate  square. 

a.  The  measures  of  impact  (r.  g.  low ,  medium,  and  I 
are  relative  and  their  meaning  mnv  vnrv  slightly  h  m 
action  to  action.  The  term  "Ian  "shrul  !  not  be  ap¬ 
plied  to  impact  •>  of  a  neplipible  nature.  I*\»r  exomf  •!*.*, 
we  know  that  «i  pickup  truck  drivir.p.  down  a  propo  d 
fence  line  lnyinp  wire  has  some  impact  on  nir  quality. 
However,  the  sip.nif  iennee  of  this  impact  is  not 
normally  great  ctioup.1i  to  warrant  even  a  t,!nu  9*  rating. 
In  cases  like  thin,  the  impact  will  usually  be  marked 
**0**  or  the  element  left  off  the  worksheet. 

b.  It  is  recognized  th  •»  some  environmental  elements  may 
defy  accurale  measurement  or  in  depth  analysis  with¬ 
in  current  Bureau  capabilities  or  expertise.  The  nature 
of  the  action  as  well  ns  type  and  decree  of  impact 
shoutd  guide  in  t h c  d  c  eiiaiun  to  weHr-tynTntiTc  expertise 
or  assistance. 

6.  Remark x  —  Kntrr  rlnrifvlnp  information. 
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INSTRUCTIONS 


1.  Action  —  Enter  action  being  taken,  analytic  step  for  which 
worksheet  is  being  used,  environmental  viewpoint  of  im¬ 
pact,  and  any  assumptions  relating  to  impact. 

a.  Worksheet  is  normally  used  to  analyze  " Anticipated 
Impacts"  of  action;  however,  it  may  be  used  to  analyze 
"Residual  Impacts."  Worksheets  may  also  be  used  to 
compare  impacts  before  and  after  mitigating  measures 
are  applied. 

b.  State  viewpoint  that  best  describes  environmental  im¬ 
pact.  For  example,  a  fence  viewed  down  the  fence 
line  has  greater  impact  than  the  same  fence  viewed 
over  an  ent:  c  allotment.  Generally,  narrow  viewpoints 
better  illustrate  specific  impacts  than  will  broad 

.  viewpoints. 

c.  Assumptions  may  be  made  to  establish  a  base  for 
analysis  (e.g.  estimated  time  periods,  season  o/  year, 
etc.). 

2.  Stages  of  Implementation  —  Identify  different  phases  of 
proposed  project  (e.g.  a  road  project  consists  of  survey, 
construction,  use,  and  maintenance  stages). 

3.  Discrete  Operations  —  Identify  separate  actions  com¬ 
prising  a  particular  3tage  of  implementation  (e.g.  the 
con  strut  lion  stage  o/  the  mad  project  has  the  discrete 
operations  of  clearing,  grading,  and  surfacing). 

4.  Elements  Impacted  —  Enter  under  appropriate  heading  all 
environmental  elements  susceptible  to  impact  from  action 
and  alternatives.  Relevant  elements  not  contained  in  the 
digest  should  also  be  entered.  See  BLM  Manual  1791, 
Appendix  2,  Environmental  Digest. 
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5.  Anticipated  Impact  —  Evaluate  anticipated  impact  on  each 

element  and  place  an  entry  in  the  appropriate  square  ; i  - 

eating  degree  of  impact  as  low  (L).  medium  (M),  hip1  I 

no  impact  (O),  or  unknown  or  negligable  (X).  Prt  •.  J 
each  entry  by  a  plus  (+)  or  minus  (-)  sign  indicate  a 
beneficial  or  adverse  type  of  impact.  If  type  of  i  —  r  u  t 
reflects  a  matter  of  opinion  or  is  not  known,  do  ma  pre- 
ceed  with  a  sign.  For  example,  construction  of  a  wind  mill 
on  open  range  has  a  definite  visual  impact;  however,  to 
some  people  the  effect  is  detrimental  while  to  others  it  is 
an  improvement.  Dv  not  entering  a  plus  (+)  or  minus  (-) 
sign  the  worksheet  is  kept  factual  and  unbiased.  If  both 
degree  and  type  of  impact  are  unknown,  place  an  (x)  in  the 
appropriate  square. 

a.  The  measures  of  impact  f e.g.  low,  medium,  and  high) 
are  relative  and  their  meaning  may  vary  slightlv  from 
action  •  to  action.  The  term  "Ion" should  not  be  ap¬ 
plied  to  impacts  of  a  negligible  nature.  For  example, 
we  know  that  a  pickup  truck  driving  down  a  proposed 
fence  line  laying  wire  has  some  impact  on  air  quality. 
However,  the  significance  of  this  impart  is  not 
normally  great  enough  to  warrant  even  a  "ion  ’*  ra'.-t. 
In  cases  like  this,  the  impact  will  usually  be  maiketl 
"O"  or  the  element  left  off  the  worksheet. 

b.  It  is  recognized  that  some  environmental  elements  may 
defy  accurate  measurement  or  in-depth  analysis  with¬ 
in  current  Hureau  capabilities  or  expertise  The  nature 
of  the  action  as  well  as  type  and  degree  of  impact 
should  guide  in  the  decision  to  seek  outside  expertise 
or  assistance. 

6.  Remarks  —  Enter  clarifying  informal  Ion. 
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APPENDIX  -  General  Technical  Report  for  Oil  and  Gas  and 
Geothermal  Leasing,  Shoshone  Resource  Area 


Geothermal  Resources 

The  earth  is  a  tremendous  reservoir  of  thermal  (heat)  energy.  Heat  flows 
beneath  the  surface  and  dissipates.  This  is  usually  not  noticeable  because 
it  is  dissipated  in  small  quantities.  • 

The  increase  of  heat  with  depth  is  called  geothermal  gradient.  Normally 
it  would  average  about  1°F.  for  every  100  feet  of  depth.  Some  areas  are 
discharging  heat  at  rates  of  10  to  1,000  times  normal.  These  are  the  areas 
of  interest  for  development  of  geothermal  energy. 

The  heat  source  that  creates  these  near-surface  "hot  spots"  is  either: 

Cl)  A  deep-seated  magma  (molten  rock)  from  which  the  heat  escapes 
via  faults,  or 

(2)  A  shallow  magma  or  magma  cooling  chamber  in  areas  of  fairly 
recent  volcanic  activity  (within  the  last  few  million  years) . 

Groundwater  is  heated  by  these  energy  sources  and  rises  toward  the  surface. 
In  some  places  the  hot  water  is  trapped  by  overlying  impermeable  rocks.  In 
others  it  reaches  the  surface  through  faults.  Hot  springs,  fumaroles,  mud 
pots  and  geysers  are  the  surface  expressions  of  such  escape. 

Geothermal  Systems 


Two  types  of  geothermal  systems  are  considered  to  have  present  commercial 
application: 

Cl)  Vapor-dominated  systems  (dry  steam)  are  believed  to  contain 
both  saturated  steam  and.  water  in  the  reservoir.  When  a  well 
is  drilled,  the  decrease  in  pressure  superheats  and  dries 
the  steam.  The  steam  may  be  used  to  drive  a  turbine  dirdctly. 
Vapor -dominated  systems  are  believed  to  be  relatively  rare. 

Power  production  from  such  fields  occurs  at  the  Geysers  in 
California,  Lardarello,  Italy,  and  Matsukawa,  Japan.  The  Valles 
Caldera  field  in  New  Mexico  appears  to  be  of  this  type  and  is 
currently  under  development. 

(2)  hot  water  systems  are  believed  to  result  from  a  thermally  driven 
convection  system  which  moves  the  heated  water  upward.  The 
upwelling  hot  water  often  penetrates  the  surface  as  hot  springs, 
geysers,  etc.  When  a  well  is  drilled,  a  portion  of  the  water 
flashes  into  steam  and  both  water  and  steam  come  to  the  surface. 
The  steam  is  separated  from  the  water  and  used  to  drive  a  turbine. 
Power  production  from  hot  water  fields  is  currently  underway  at 
Wairakei,  New  Zealand,  Otaka,  Japan,  Cerro  Prieto,  Mexico  and 
Pathe,  Mexico. 
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i.  s.  Geothermal  Development 

•  i 

Hi*  Geysers,  in  northern  California,  is  the  only  commercially  developed  geothermal 
snergy  field  in  the  United  States,  with  the  exception  of  local  use  for  space 
gating  in  a  number  of  places.  v 

Kt  the  Geysers,  five  power  generating  plants  operate  on  a  vapor  dominated 
Uotheroal  system  to  produce  400  megawatts  of  electrical  power.  This  is 
roughly  equivalent  of  2/3  the  electrical  power  demand  of  the  City  of  San 
Francisco.  The  ultimate  capacity  of  the  field,  when  fully  developed,  is 
Latimated  to  be  between  1,000  and  3,000  megawatts— sufficient  power  to 
satisfy  the  demands  of  the  entire  San  Francisco  Bay  urban  area. 

rhe  initial  development  at  the  Geysers  was  pioneered  by  Magma  Power  Company, 
union  Oil  Company  is  the  current  operator. 

exploration  has  been  going  on  for  the  last  15  years  or  so  in  many  localities 
Jin  the. western  States.  Technical  development  problems  and  the  economics  of 
Jiltemate  fuel  sources  have  thus  far  delayed  commercial  power  development. 

Nevada  Geothermal  Development 

Between  200  and  300  hot  springs  are  scattered  over  the  State- -evidence  of 
higher  than  normal  heat  flows  in  many  areas.  During  the  1800 's  and  early 
1900*8  resorts  grew  up  around  and  used  many  of  the  hot  springs. 

Shallow  wells,  drilled  into  hot  water  systems,  are  currently  used  to  heat 
homes  (with  simple  heat  exchangers)  in  the  Stillwater  and  Steamboat-Moana 
areas.  At  Steamboat  Springs,  such  hot  water  is  used  as  a  safe  way  to  melt 
jexplosives. 

Only  in  the  last  15  years  have  serious  attempts  been  made  to  develop  Nevada's 
geothermal  energy  as  a  source  of  electrical  power.  From  1959  through  1965 
there’were  approximately  50  exploration  wells  for  this  purpose.  Magma  Power 
Company  and  its  affiliates  drilled  the  majority  of  the  wells,  but  U.  S.  Steel 
Corporation,  Sun  Oil  Company,  and  Natomis  were  also  active. 

Exploration  wells  were  drilled  at  Steamboat  Hot  Springs,  the  Needles  area  of 
Pyramid  Lake,  Fly  Ranch,  Monte  Neva  hot  Springs,  Beowawe,  Hot  Springs  Pt. 

[Crescent  Valley),  Wabuska,  Fernley  (Hazen),  Hind's  hot  Springs,  Darrough 
Hot  Springs,  Brady's  hot  Springs,  Stillwater,  and  Wally's  Hot  Springs. 

Most  of  this  drilling  was  preceded  by  little  detailed  exploration,  was 
conducted  right  on  existing  springs,  and  consisted  of  relatively  shallow 
veils  (+2,000  feet).  The  deepest  well,  at  the  Needles,  reached  5,888  feet. 

Drilling  activity  ceased  in  1965,  but  at  present  a  new  flurry  of  activity  is 
underway.  Numerous  companies,  the  Geological  Survey,  and  the  Atomic  Energy 
Commission  are  conducting  detailed  exploration  activities. 

Chevron  Oil  Company  and  American  Thermal  Resources  are  now  drilling  an 
exploration  well  that  may  go  to  10,000  feet  at  Beowawe.  Phillips  Petroleum 
Company  has  just  completed  a  well  a  few  miles  southeast  of  Brady's  Hot  Springs,  and 
Union  Oil  Company  is  currently  drilling  a  well  at  Brady's. 

[i 
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Stages  of  Implementation 


Four  separate  stages  of  implementation  have  been  identified: 

I)  Exploration 

II)  Development 

III)  Operation 

IV)  Close-out 

The  progression  from  one  stage  to  the  next  is  dependent  upon  the  success 
of  each  earlier  stage.  In  practice,  one  stage  often  blends  into  another 
and  it  would  be  common  for  exploration  and  development  to  be  undertaken 
in  one  part  of  a  geothermal  field,  while  a  production  operation  was 
going  on  in  another  part  of  the  field.  Close-out  of  some  wells,  including 
rehabilitation,  might  also  be  taking  place  at  the  same  time. 
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EXPLORATION 


Exploration  includes  all  activities  from  the  decision  to  explore  for  a 
geothermal  field  through  the  drilling  of  one  or  more  ’’wildcat" 

(exploratory)  wells. 

Operations  conducted  under  an  approved  "Notice  of  Intent  to  Conduct  Geothermal 
Resource  Exploration  Operations,"  (43  CFR  3209)  cover  any  surface  disturbing 
techniques  up  to  and  including  the  drilling  of  shallow  temperature  gradient  holes 
Such  operations  do  not  include,  however,  the  drilling  of  core  holes  for  geologic 
information  nor  the  drilling  of  "wildcat"  geothermal  wells. 

Operations  conducted  under  a  geothermal  lease  (both  competitive  and  non¬ 
competitive)  include  all  exploration  actions. 

For  convenience,  exploration  activities  (as  they  relate  to  surface  damage)  may 
be  classified  into  five  discrete  operations,  four  of  which  require  physical 
presence  on  the  land.  They  are: 

(A)  Airborne  exploration 

(B)  Off-road  vehicular  travel 
CC)  Road  and  trail  construction 

(D)  Drilling 

(E)  Rehabilitation 

In  practice,  several  of  these  operations  may  be  going  on  concurrently.  The 
technique  is  to  start  by  evaluating  large  areas  (i.e.  several  townships) 
and  gradually  reduce  the  area  of  interest  to  select  a  target  for  drilling. 

As  the  area  of  interest  shrinks,  more  intensive  exploration  techniques  are 
employed. 

(A)  Airborne  Exploration  -  This  involves  a  series  of  techniques  including: 

(1)  Aerial  photography  -  for  geologic  interpretation. 

(2)  Imagery  -  infared  to  detect  heat  differentials;  microwave  to 

detect  soil  moisture  differentials. 

(3)  Magnetic  -  airborne  magnetometer  measures  variations  in  the 

magnetic  intensity  of  the  earth. 

(4)  Gravity  -  airborne  gravimeter  measures  differences  in  the  specific 

gravity  of  the  earth. 

All  of  thes?  techniques  are  attempts  to  gain  data  on  the  subsurface  geology 
of  an  area.  The  data  gathered  must  be  interpreted  by  specialists  and  may 
supply  clues  as  to  areas  deserving  of  more  detailed  studies. 

Airborne  exploration  produces  no  surface  disturbance.  It  creates  only  a 
temporary  negligible  impact  on  air  quality  and  noise  levels. 
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Off -Road  Vehicular  Travel  -  Many  exploration  techniques  require 
off-road  vehicular  travel  in  various  degrees.  Generally,  existing 
roads  are  used  where  possible.  Techniques  which  sometimes  require 
cross-country  travel  include: 

(1)  Geological  mapping  -  One  or  more  small  vehicles  transport 
geologists  to  the  work  area. 

(2)  Geophysical  exploration  ~  Includes  a  number  of  techniques  seeking 
clues  as  to  underground  geology: 

Gravity  -  Ground  gravity  surveys  involve  obtaining 
gravity  readings  along  a  surveyed  grid  with  a  portable 
gravimeter.  A  three -man  crew  does  the  work  (two  survey 
and  the  third  records  gravity  readings) .  One  or  two 
small  trucks  transport  the  crew  and  equipment  to  the 
work  area. 

Magnetic  -  Magnetic  variations  are  measured  with  a 
magnetometer.  The  field  technique  is  similar  to  the 
gravity  determination. 

Seismic  -  Elastic  shock  waves  are  generated  and  measured 
along  a  grid  system  (generally  1-2  mile  grid) .  Receivers 
Cgeophones)  pick  up  elastic  waves  generated  at  a  specific 
point  on  the  grid.  The  elastic  waves  are  generated  by 
one  of  three  methods : 

Vibration  method  -  Vibrations  are  produced  by 
truck  mounted  vibrators,  usually  four,  which 
operate  in  unison. 

Thumping  method  -  A  truck-drawn  or  self-propelled  unit 
containing  a  heavy  weight  or  "hammer"  drops  the  hammer 
on  the  ground  to  produce  shock  waves. 

Explosive  method  -  A  truck -mounted  rotary  drill 
is  used  to  drill  holes  100-200  feet  deep.  These 
holes  are  loaded  with  5-50  lbs.  of  explosives  and 
detonated  (shot)  to  produce  the  elastic  waves. 

In  all  three  seismic  methods,  5-7  trucks  and  10-15  men  are 
required.  Surface  mineral  matter  and  vegetation  must  be 
removed  from  the  energy  generation  sites  (shot  points)  and 
receiving  sites  (geophones)  to  provide  for  the  maximum  amount 
of  energy  to  be  sent  and  received.  In  addition,  the  explosive 
method  often  requires  road  construction,  blading  of  lines  and 
clearing  of  small  areas  for  drill  operation. 
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All  three  seismic  methods  involve  varying  degrees  of  surface 
disturbance.  The  explosive  method  produces  the  most  intense 
surface  disturbance.  Only  the  explosive  method  possesses 
the  potential  for  subsurface  impact  (damage  to  nearby  water 
wells,  damage  to  near-surface  aquifers,  etc.),  and  then, 
only  within  a  limited  radius  of  the  shot  point. 

Microseismic  -  Small  geophones  called  seismometers  are 
buried  at  a  shallow  depth  and  transmit  normal  extremely 
minor  seismic  activity  (micro-earthquakes)  to  an  amplifier 
on  the  surface.  The  amplifier  is  about  the  size  of  a 
suitcase.  Locations  are  set  up  away  from  roads  to  avoid 
traffic  "noise."  These  units  are  often  backpacked  into 
areas  inaccessible  to  vehicles. 

Resistivity  -  Induced  Polarization  (IP)  techniques  are  used 
to  measure  the  resistance  of  subsurface  rocks  to  the  passage 
of  an  electrical  current.  A  vehicle  mounted  transmitter 
sends  pulses  of  electrical  current  into  the  ground  through 
two  widely  spaced  electrodes  (usually  about  two  miles  apart) . 
The  behavior  of  these  electrical  pulses  as  they  travel  through 
underlying  rocks  is  recorded  by  "pots"  (potential  electrodes) , 
small  ceramic  devices  that  receive  the  current  at  different 
locations.  The  electrodes  are  either  short  (2-3  feet)  rods 
driven  into  the  ground  or  aluminum  foil  shallowly  buried  over 
an  area  of  several  square  feet.  Two  or  three  small  trucks 
transport  the  crew  of  3  to  5  men  to  transmitting  and  receiving 
sites . 

Telluric  -  A  string  of  "pots"  (potential  electrodes)  record  the 
variations  in  the  natural  electrical  currents  in  the  earth.  No 
transmitter  is  required.  Small  trucks  are  used  to  transport 
the  crew  to  the  work  area. 

Radiometric  -  Radioactive  emissions  (generally  radon  gas) 
are  measured  as  an  indication  of  subsurface  steam.  Such 
measurements  are  usually  made  in  the  vicinity  of  hot 
springs,  hence  existing  roads  are  generally  used. 

Measurements  are  taken  with  a  hand  held  scintillometer. 

(3)  Geochemical'  surveys  -  Includes  the  sampling  of  spring  water  to 
determine  dissolved  solid  content  (acidity,  Na/K  ratio  and 
silica  content)  and  the  taking  of  small  (hand  trowel)  surface 
soil  and  rock  samples  on  a  grid  system  to  determine  introduced 
mineralization  and  source  areas  for  recharge.  Occasionally  small 
trucks  are  used  to  transport  the  crew  (usually  2-3  men)  and 
equipment  to  the  work  area. 
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(C)  Road  and  Trail  Construction  -  For  exploration  activities  utilizing 
large  equipment  in  rough  terrain  with  poorly  developed  access,  roads 
and  trails  are  often  constructed.  Since  they  are  intended  to  provide 
only  temporary  access  for  such  equipment  as  small  drilling  rigs  and 
water  trucks,  they  are  usually  constructed  to  a  very  low  standard-- 
generally  a  10-foot  wide  dozer  trail  is  used  in  dry,  stable  country. 
Where  larger  drilling  equipment  is  to  be  used  for  an  exploratory 
(wildcat)  well,  a  considerably  higher  road  standard  may  be  employee}. 

(D)  Drilling  -  Several  types  of  drilling  are  utilized  in  the  exploration 
phase  including  seismic  test  holes,  temperature  gradient  holes, 
geologic  or  strategraphic  information  holes,  and  exploration  wells. 

The  size  of  the  equipment  and  the  surface  area  needed  differs  with 
each.  The  type  of  drilling  used  is  rotary  drilling  which  employs 
the  principle  of  a  rotating  vertical  pipe  (drill  stem)  upon  which 
has  been  mounted  a  rock  bit  designed  to  chip  rock  as  it  rotates  under 
pressure. 

Drill  cuttings  or  chips  produced  as  the  hole  progresses  are  removed 
from  shallow  shot-holes  by  introducing  a  jet  of  air  during  drilling. 

For  deeper  drilling,  a  circulating  medium  of  Water  or  mud  (a  suspension 
in  oil  or  water  of  various  finely-divided  substances,  each  possessing 
specific  properties)  is  pumped  down  the  inside  of  the  drill  pipe  and 
allowed  to  return  up  the  annular  space  between  the  hole  wall  and 
outside  of  the  drill  pipe.  This  circulating  medium  is  used  to  cool 
and  lubricate  the  bit  as  well  as  to  return  the  drill  cuttings  to  the 
surface.  Drilling  mud  helps  prevent  caving  by  plastering  and 
consolidating  the  walls  of  the  hole  with  a  clay  lining,  thereby 
making  casing  unnecessary  during  shallow  drilling. 

(1)  Seismic  test  holes  -  Shallow  holes  100-200  feet  deep  are 
drilled  with  small  truck-mounted  rigs.  Cuttings  are  removed 
by  compressed  air.  The  surface  area  used  is  just  sufficient 
for  the  truck  and  equipment.  An  area  of  about  30  x  30  feet  is 
disturbed  by  the  operation.  No  specific  drill  pad  is  built. 

(2)  Temperature  gradient  holes  -  Shallow  holes  300-500  feet  deep 
are  drilled  with  a  small  truck-mounted  rig.  The  holes  are 
usually  between  4  and  6  inches  in  diameter.  Mud  is  employed 
to  remove  the  cuttings,  and  generally  a  portable  metal  mud 
pit  is  used  to  contain  the  mud.  An  area  of  about  30  x  30  feet 
is  disturbed  by  use  of  the  drill  rig  and  servicing  water  truck. 

Upon  completion  of  the  temperature  gradient  hole  a  capped 
pipe  (usually  3/4  inch  diameter)  is  placed  in  the  hole, 
stand  for  about  a  week.  Water  in  the  pipe  is  heated  by  the 
temperature  of  the  surrounding  rock.  Because  of  the  small 
diameter  of  the  pipe,  convection  currents  do  not  form, 
hence  the  water  temperature  in  the  pipe  varies  with  depth. 

The  temperature  at  different  depths  is  measured  by  a 
thermister  probe  on  a  cable. 
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(3)  Geologic  information  holes  -  These  holes  are  similar  to  those 
drilled  for  temperature  gradient  purposes.  Larger  equipment 
is  employed  and  a  surface  area  of  about  40  x  60  feet  may 

be  used.  The  cuttings  are  examined  and  the  hole  is  probed 
with  geophysical  instruments  to  acquire  data  on  the  rock  types 
and  structure.  Because  these  holes  may  extend  to  1000  feet 
or  more,  a  larger  mud  pit  is  needed.  Typically,  a  mud  pit 
is  scooped  out  with  a  bulldozer.  These  pits  may  be  10-20 
feet  wide  by  30-50  feet  long  by  3-6  feet  deep  depending  on 
the  terrain  and  the  depth  of  the  hole. 

(4)  Exploration  wells  -  These  wells  are  the  same  as  development 
and  production  wells.  If  successful,  they  are  generally 
converted  to  production.  Drilling  equipment,  technology  and 
methods  are  similar  to  those  used  in  oil  and  gas  operations. 
Well  bores  of  up  to  24  inches  in  diameter  may  be  drilled 

to  depths  of  5,000-10,000  feet. 

Mud  is  generally  used  for  the  drilling.  Where  water  flows 
are  not  encountered,  compressed  air  may  be  substituted  as 
the  circulation  medium.  At  the  Geysers  dry  steam  field, 
for  example,  mud  is  used  to  the  depth  that  temperature 
interferes  with  proper  operations,  then  compressed  air  is 
used.  Noise  created  during  the  air  drilling  operation  is 
intense  and  approximates  that  of  an  unmuffled  diesel  truck. 

A  drill  pad  is  leveled  and  cleared  of  vegetation.  This 
generally  involves  a  surface  area  of  from  less  than  one  acre 
up  to  two  acres.  The  ancillary  equipment  is  generally  also 
located  on  the  drill  pad.  A  reserve  pit  of  approximately 
1,000  to  10,000  square  feet  and  6-8  feet  deep  is  sometimes 
dug  to  contain  waste  fluids  and  drill  cuttings  during  drilling 
operations . 

The  well  is  cemented  and  cased  and  a  blow-out  preventer  is 
installed  to  control  sudden  surges  of  pressure 

Blow-outs  are  uncommon,  but  do  occur.  The  basic  problem 
is  a  lack  of  knowledge  of  the  specific  characteristics 
of  a  geothermal  field.  During  the  pioneering  development 
in  many  fields  around  the  world,  blow-outs  seem  to  have 
occurred  in  1-3%  of  the  test  and  production  wells  drilled. 

At  the  Geysers  there  have  been  three  blow-outs  with  over 
100  wells  drilled.  Landslides  in  that  steep  terrain  caused 
much  of  the  problem.  Geothermal  blow-outs  cause  no  fire 
hazard  and  are  generally  controlled  by  slant  drilling  and 
sealing  with  concrete 

While  the  blow-out  is  taking  place,  water,  steam  arid  contained 
.elements  are  wasted  and  spread  on  the  surrounding  land. 
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The  release  of  pressure  and  water  through  drill  holes  may  affect 
the  surface  expression  of  the  geothermal  field.  Springs  and 
geysers  may  dry  up,  may  be  renewed  in  a  different  place,  or  may 
be  increased.  Accurate  prediction  of  the  results  of  drilling 
on  such  surface  features  cannot  be  made . 

Since  geothermal  reservoirs  are  typically  in  active  fault  areas, 
normal  earthquakes  also  occasionally  change  the  surface  features 
by  drying  up,  moving  or  increasing  thermal  activity.  It  is  thus 
not  always  possible  to  determine  whether  the  observed  effect  was 
caused  by  drilling  or  by  natural  action. 

Rehabilitation  -  Rehabilitation  activities  vary  with  terrain,  climate, 

and  significance  of  the  damage . 

Cl)  Off~road  vehicular  travel.  Generally  no  rehabilitation  is 
undertaken  because  the  disturbance  is  temporary  and,  in  most 
areas,  heals  itself  in  a  short  time. 

C2)  Road  and  trail  construction.  Generally  no  rehabilitation  is 
undertaken  unless  there  is  a  definite  requirement  for  it  (i.e. 
erosion  hazard,  access  where  none  is  wanted,  etc.).  Where 

needed,  such  roads  and  trails  can  be  scarified  and  reseeded  if 

the  site  is  susceptible  to  revegetation. 

(3)  Drilling.  Small  drill  hole  sites  (seismic  test  holes,  temperature 
gradient  holes,  informational  holes)  are  usually  rehabilitated  by 

cleaning  up  any  debris  and  smoothing  the  area  with  a  bulldozer  where 

needed.  Mud  pits  are  filled  and  leveled.  Where  climate  and 
terrain  permit,  revegetation  could  be  accomplished. 

Large  exploratory  wells  are  capped  with  a  pressure  head  ("Christmas 
tree")  to  prevent  blow-outs,  and  typically  left  in  operating 
condition.  Other  structures  are  removed  and  the  drilling  pad  may 
be  revegetated  if  climate  permits. 
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Partially  reclaimed  thermal  gradient  hole  near  Brady  Hot  Springs.  J^!^a 
Elfving  is  standing  at  the  hole  location.  Note  the  site  attracts  cattle 
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DEVELOPMENT 


Development  includes  all  activities  from  the  decision  to  develop  a  producing 
field  until  commercial  power  generation  and  transmission  is  reached.  These 
operations  are  conducted  only  under  a  geothermal  lease  (either  competitive 
or  noncompetitive) . 

Five  discrete  operations,  as  they  relate  to  surface  disturbance,  are 


recognized: 

CA) 

Road  development 

CB) 

Drill  site  development 

(C) 

Geothermal  pipelines 

CD) 

Plant  construction 

CE) 

Transmission  lines 

CF) 

Rehabilitation 

Many  of  these  operations  would  normally  be  taking  place  concurrently. 

(A)  Road  Development 

During  development,  roads  to  drill  sites,  power  plant  sites,  and  along 
transmission  line  routes  may  be  constructed.  Roads  to  producing  wells 
and  power  plants  will  be  permanent  and  may  be  surfaced  and  stabilized. 
Culverts  will  be  utilized  to  avoid  erosion  of  the  road  bed  where 
necessary.  Temporary  roads  to  drill  sites  and  for  construction  of  power 
lines  will  generally  be  built  to  a  low  standard. 

(B)  Drill  Site  Development 

Wells  drilled  during  the  development  stage  will  be  similar  to  exploration 
wells.  Often,  somewhat  larger  equipment  is  used.  The  drill  pad  is  leveled 
and  cleared  of  vegetation.  Generally  from  less  than  one  up  to  two  acres 
are  disturbed.  A  reserve  pit  (sump)  1,000  to  10,000  square  feet  and  6-8  feet 
deep  is  sometimes  dug  to  contain  waste  fluids  during  the  drilling  operations. 
The  sump  may  be  fenced  to  keep  out  animals. 

(1)  Water  About  500-1,000  barrels  (1  barrel  =  42  gallons)  of 
water  per  day  will  be  used  in  drilling  a  well.  This 
water  may  come  from  water  wells  drilled  in  the  immediate 
vicinity  (about  60  gpm  flow  would  be  adequate) ,. from 
nearby  surface  water,  or  it  may  be  hauled  in  by  truck. 

(2)  Spacing  -  Current  geothermal  plants  require  a  steam 
pressure  of  about  100  PSI  at  the  generator.  This  places 
a  limit  on  the  distance  steam  can  be  piped  to  the 
generator  because  of  heat  loss.  Wells  are  therefore 
generally  located  within  one-half  mile  of  the  generation 
plant.  The  number  of  wells  used  to  service  a  plant 

is  dependent  on  the  temperature  of  the  wells  (a  temperature 
of  325-350°F  at  the  generator  is  needed)  and  the 
•.•  characteristics  of  the  geothermal  reservoir.  Generally, 

from  16  to  20  producing  wells  are  used  per  power  plant. 
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At  Cerro  Prieto,  18  wells  (3  are  standby)  will  service  a  75  MW 
generating  plant.  They  are  drilled  on  a  10  acre  spacing  (one 
well  per  10  acres) .  A  40  acre  well  spacing  is  being  used  at 
the  Geysers  initially,  but  future  infill  drilling  to  20  acre 
spacing  is  planned  in  order  to  maintain  steam  production  to 
plant  capacity. 

(3)  Production  Testing  ~  To  determine  the  sustained  flow  characteristics 
of  a  well,  and  to  clean  out  the  hole,  each  new  well  is  vented  to 
the  atmosphere  for  a  period  of  time.  At  the  Geysers,  enough 
experience  has  been  gained  as  to  the  characteristics  of  the 
reservoir  that  this  is  no  longer  necessary  there.  Elsewhere  it 
is  an  established  practice. 


Steam,  water  and  noise  accompany  production  testing.  The  water  is 
generally  directed  into  the  reserve  pit  and  is  contained.  The 
steam  is  released  into  the  atmosphere. 

Noncondensible  gases  (carbon  dioxide,  methane,  hydrogen, 
nitrogen,  argon,  carbon  monoxide,  hydrogen  sulfide,  radon, 
ammonia)  and  vapors  (boric  acid  and  mercury)  are  often 
contained  in  the  steam.  These  vapors  and  gases  make  up 
generally  less  than  3%  of  the  total  steam  fraction. 

When  present  in  excessive  amounts,  some  of  these  gases  and 
vapors  are  toxic. 


Gas 

Ammonia 
Boric  acid 
Carbon  dioxide 
Carbon  monoxide 
Hydrogen  sulfide 
Mercury 
Methane 


Toxicity  Levels 
50  ppm 

None  established 
5,000  ppm 
100  ppm 
20  ppm 
12.2  ppb 
10,000  ppm 


Where  present  in  unacceptable  amounts,  monitoring  devices  and 
special  precautions  may  be  necessary  as  a  safety  measure. 

Additionally,  very  small  amounts  of  hydrogen  sulfide  (as  small 
as  .025  ppm)  can  be  detected  by  smell.  This  "rotten  egg"  odor, 
common  in  hot  spring  areas,  can  be  an  aesthetic  problem. 

High  noise  levels  accompany  production  testing.  Because  of 
this,  muffling  devices  are  generally  installed.  At  the  Geysers 
measurements  of  noise  from  a  muffled  testing  well  indicates  a 
noise  level  slightly  less  than  that  of  an  unrauffled  diesel  truck. 
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Noise  levels  from  other  geothermal  fields,  both  vapor 
dominated  and  water  dominated,  may  not  be  of  a  similar 
magnitude . 

(4)  Blowouts  In  the  four  geothermal  areas  in  the  world 

CGeysers,  USA;  Lardarello,  Italy;  Wairakei,  New  Zealand; 

Cerro  Prieto,  Mexico)  which  have  undergone  commercial 
development,  blowouts  have  occurred  in  approximately  1-3% 
of  the  wells  drilled.  These  blowouts  were  mostly  in  the 
exploratory  or  early  stages  of  development  drilling,  with 
few  mishaps  in  later  stages  as  experience  was  gained  and 
local  drilling  techniques  perfected.  Although  some  of 
these  blowouts  were  temporarily  spectacular,  none  have 

resulted  in  any  significant  or  lasting  environmental  damage. 

. 

At  Lardarello,  Italy,  the  oldest  commercial  geothermal  field 
in  the  world,  they  are  routinely  handled  as  a  noisy,  difficult 
part  of  regular  operations .  They  are  not  considered  as 
serious  mishaps  that  could  cause  pollution  or  have  other 
adverse  effects. 

))  Geothermal  Pipelines 

Pipelines  10  to  30  inches  in  diameter  will  be  used  to  transmit  steam 
or  hot  water  from  the  production  wells  to  the  power  plants.  The  pipes 
are  typically  insulated  with  fiberglass  or  asbestos  to  minimize  heat 
loss.  Expansion  loops  or  joints  are  placed  at  frequent  intervals 
either  vertically  or  horizontally  to  provide  for  the  extreme  expansion 
and  contraction  of  the  pipes  upon  production  startup  (heating  up) 
and  shutdown  (cooling  down) . 

I 

Under  present  technology,  pipelines  are  constructed  above  ground  to 
provide  for  expansion  and  contraction  and  to  enhance  maintenance  and 
detection  of  leaks.  Underground  installation  is  thus  far  uneconomical 
and  may  also  present  some  safety  hazards. 

The  lines  form  a  radiating  pattern  on  the  surface,  connecting  wells 
with  the  power  plant.  They  may  be  painted  to  blend  with  the  surroundings. 

D)  Plant  Construction 

Generating  plants  are  centrally  located  to  minimize  the  length  of  the  steam 
or  water  pipes  from  the  servicing  wells.  The  largest  plants  in  current  use 
consist  of  two  55  MW  generators  housed  together  so  that  production  is 
110  MW  per  power  plant.  Power  plant  spacing  is  about  one  plant  per  640  acres 
throughout  the  productive  area. 

At  the  Geysers,  the  average  110  MW  plant  building  is  about  100  x  200  feet 
and  three  stories  high.  The  adjacent  cooling  towers  are  about  a  third 
larger  than  the  generating  plant  building.  The  entire  generating  plant- 
cooling  tower  complex  occupies  an  area  of  about  five  acres. 
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(E)  Transmission  Lines 


Power  generated  from  the  plant  is  transmitted  via  conventional  power  lines 
to  the  area  of  use.  The  size  and  location  of  the  lines  is  dependent 
upon  the  power  output  and  destination. 

The  lines  will  tend  to  be  large,  considering  that  1  MW  of  plant  capacity 
will  service  the  power  needs  of  about  1,000  people.  To  express  this 
another  way,  one  110  MW  power  plant  could  supply  the  power  needs  of  the 
City  of  Reno. 

(F)  Rehabilitation 


Rehabilitation  will  be  possible  on  disturbed  areas  not  needed  for  continued 
production,  commensurate  with  terrain,  climate  and  significance  of  the 

damage . 

Cl)  Road  Development  -  Roads  needed  for  maintenance  and  further 
development  will  not  be  rehabilitated,  Temporary  roads  3nd 
trails  can  be  scarified  and  revegetated,  if  desirable. 

(2)  Drill  Site  Development  -  After  well  completion,  an  area 
approximately  30  ft.  x  30  ft.  directly  surrounding  the  well 
head  will  be  needed  for  operation.  An  additional  graded 
area  about  50  x  100  feet  may  be  needed  for  moving  in  a 
drilling  rig  to  correct  any  problems  which  may  develop 
during  production.  The  reserve  pit  (sump)  is  generally 
dried  out,  covered  with  dirt,  and  graded.  It  and  the 
remaining  area  of  the  drill  site  can  be  rehabilitated 

and  revegetated. 

(3)  Plant  Construction  -  The  area  disturbed  in  constructing  the 
generating  plant  and  cooling  towers  can  be  rehabilitated  and 
revegetated.  The  buildings  may  be  painted  to  blend  with  the 
surroundings.  Some  cooling  towers  are  architecturally  attractive 
and,  if  desired,  may  be  intentionally  painted  to  contrast  with 
the  surroundings  to  heighten  the  visual  experience. 

C4)  Geothermal  Pipelines  -  Geothermal  pipelines  may  be  painted  to 
blend  with  the  surroundings  and  any  areas  not  needed  for  access 
may  be  revegetated.  At  Lardarello,  Italy,  steam  lines  cross 
grainfields  and  vineyards  with  essentially  no  loss  of  land 
productivity. 

CS)  Transmission  Lines  -  Surface  disturbance  accompanying  electrical 
transmission  line  construction  may  be  rehabilitated  with  the 
exception  of  needed  maintenance  roads. 
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rdopment  well  being  drilled  at  Cerro  Prieto,  Mexico. 


adoration  well  near  Beowawe,  Nevada  being  drilled  by  Chevron  Oil  Company 
a l  American  Thermal  Resources  to  a  planned  depth  of  10,000  feet. 


a. 


Water  dominated  geothermal  well  at  Cerro  Prieto,  Mexico.  Superheated  water 
rises  through  the  series  of  control  valves  ("Christmas  tree")  at  the  well 
head  to  the  large  expansion  chamber  (cyclone  separator)  at  left.  There  it 
flashes  into  steam  and  the  steam  portion  is  drawn  off  through  a  vertical 
pipe  which  comes  out  the  bottom  of  the  separator  and  piped  to  the  turbine. 
The  water  fraction  goes  from  the  separator  via  the^pipe  at  far  left  to 
muffling  devices  (silencers),  and  then  to  the  evaporation  ponds. 
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B«»ai  pipelines  at  Cerro  Prieto,  Mexico.  Note  well  in  left  center.. 
t3  steam  is  rising  from  two  muffling  devices _ (vertica’  silencer?!- 
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plant  grid  cooling  towers  at  the  Geysers,  California.  Geothermal 
pipelines  in  the  foreground. 
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er  plant  at  Lardarello,  Italy.  Note  the  esthetically  pleasing 
rhitectural  design  of  the  large,  natural  draft  cooling  towers. 
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i  Prieto,  Mexico  power  plant  houses  two  37* 1/2  megawatt  generators 
total  of  75  MW  capacity. 
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OPERATION 

The  operation  phase  starts  upon  reaching  commercial  power  production. 

Exploration  and  development  are  typically  carried  on  in  other  parts  of 
the  geothermal  field  simultaneously  with  the  operational  activities. 

The  operation  stage  may  be  divided  into  the  following  discrete 
operations : 

(A)  New  drill  sites 

(B)  Maintenance 

(C)  Wa^te  disposal 

(D)  Production 

(A)  New  Drill  Sites 

Geothermal  fields  are  long  lived  resources.  The  Lardarello  field  has 
been  in  production  since  1904  and  the  Geysers  since  1958.  The  Geysers  is 
estimated  to  have  a  minimum  productive  life  of  30  more  years.  Nonetheless, 
production  slowly  diminishes  the  heat  flow  and  additional  wells  must  be 
drilled  and  completed  to  keep  the  generating  plant  operating  at  full 
capacity.  > 

Additional  wells  may  also  be  required  to  replace  wells  that  have 
become  inoperative  and, 'if  the  waste  waters  are  disposed  of  by  injection, 
injection  wells  may  be  drilled. 

-i  i  t 

I  i 

The  technique  and  effect  of  thes,e  wells  would  be  the  same  as  for  development 
wells.  On  a  major  producing  field,  it  can  be  expected  that  one  or  two 
drilling  rigs  would  be  operating  continuously  throughout  the  life  of  the 
field  drillihg  additional  or  replacement  wells. 

J: 

(B)  Maintenance 

Repair,  maintenance  and  monitoring  of  an  operating  field  will  require 
the  periodic  use  of  access  roads  to  service  the  equipment.  Existing  wells 
will  require  occasional  repair  work  or  cleanout.  The  amount  of  this 
remedial  work  will  depend  upon  the  production  characteristics  of  the  field; 
severe  scaling  and  corrosion  would  require  frequent  remedial  work.  Normally, 
one  medium-sized  drill  rig  would  be  required  full-time  for  each  20-30  wells 
(one  110  MW  power  plant) . 

(C)  Waste  Disposal 

t 

The  work  force  (both  construction  and  maintenance)  for  geothermal  power  plant: 
will  usually  be  housed  in  the  nearest  town  rather  than  creating  a  hew  town 
at  the  site.  Thus,  waste  materials  connected  with  human  habitation  will 
typically  be  handled  in  the  local  community. 

At  the  plant  site  itself,  sanitary  facilities  for  workers  will  be  provided. 
Solid  wastes  will  either  be  disposed  of  in  a  dump  developed  at  the  site  or 
trucked  to  the  nearest  established  dump  site. 

,  * 

The  njost  significant  waste  disposal  problem  relates  to  handling  the  excess 
geothermal  fluids.  In  vapor  dominated  systems,  as  at  the  Geysers, 
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Evaporation  ponds  -  Waste  water  at  Cerro  Prieto  is  Dined  to 
evaporation  ponds.  Where  water  quality  is  satisfactorv 
such  ponds  may  provide . new  aquatic  habitat.  Where  water 

protect  th  l°X1Cy  sPecial  measures  may  be  required  to 
protect  the  groundwater  supply,  livestock  and  wildlife. 

Natural  drainage  systems  -  At  Wairakei,  New  Zealand  waste 

Sadi*1 ^1“  JsS’Si.Ei' T,±;"r„ 

to  extract  useful^*  In  S°“e  instances  it  may  be  economical 

This  could  rpsuif  •  ^ra  S  °r  ®ases  irom  the  geothermal  fluids 
aOU*d  result  ln  increasing  the  waste  water  quality  so  as 

also^e  feasibtla^le  f°r  °ther  purPoses-  Desalinization  may 

water  for  othei  uses!°me  "“**  Pr°Viding  by'Product  *™»h 

Typical"^ 
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surface  rock  structure  will  adequately  hold  the  re  rnject^d 


D)  Production 


Klo".™*  -1,1  r«,air,  2-5  p«„ple  „„ 
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Sustained  production  will  have  several  effects: 

CD  ][«P'nture  drop  -  The  field  will  gradually  realize 
diminishing  temperatures  as  the  energy  is  utilized. 
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(2)  Water  utilization  ~  Cooling  towers  will  consume  about 
40-*45  acre  feet  of  water  per  year  for  each  megawatt  of 
plant  capacity.  Each  110  MW  plant  would  thus  consume  about 
5,000  acre  feet  of  water  per  year.  The  water  may  come 
either  from  steam  condensate,  waste  geothermal  water,  or 
from  any  other  water  source.  This  water  consumption  might 
be  reduced  by  use  of  some  technique  other  than  conventional 
cooling  towers.  One  such  scheme,  called  the  "night  stream 
cooling  system"  would  theoretically  use  only  42%  as  much 
water. 

(3)  Subsidence  ~  As  large  volumes  of  water  are  pumped  from  a 
geothermal  reservoir,  some  subsidence  of  the  ground  surface 
may  occur.  In  many  cases  subsidence  may  have  no  serious 
land  use  or  environmental  consequences.  In  some  situations, 
such  as  developed  agricultural  land  under  gravity  irrigation, 
minor  surface  subsidence  could  have  a  significant  impact. 
Continuous  monitoring  might  be  necessary  to  detect  whether 
subsidence  was  occurring.  In  some  instances,  re-injection  of 
the  waste  water  might  correct  subsidence  problems. 

(4)  Seismic  activity  -  Geothermal  areas  are  typically  associated 
with  seismic  activity.  Such  activity  is  generally  of  small 
magnitude  (usually  less  than  4.5  on  the  Richter  scale).  Fluid 
pressure  changes  from  both  production  and  re-injection  may  tend 
to  increase  earthquake  frequency,  though  the  relationship  is 
not  well  known.  To  date,  such  earthquakes  have  been  small  and 
there  is  some  evidence  to  suggest  that  this  minor  seismic 
activity  tends  to  relieve  regional  stresses  and  diminishes 

the  likelihood  of  large  earthquakes.  Earthquakes  sometimes 
modify  geyser  activity  and  inay  effect  other  geothermal 
features  such  as  hot  springs. 
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i"eeo thermal  well  at  Brady's  hot  Springs,  Nevada  showing  buildup  of 
lefum  carbonate  in  pipe.  Such  scaling  causes  maintenance  problems 
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■Ilt(  ,.  (-travertine)1  at  Fly  Geyser,  Nevada  deposited  by  a  flowing 
contained  "us  affect  the  uses  to  which  excess  water  may  be  put. 
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) ;charge  of  excess  fluids  at  Cerro  Prieto,  Mexico.  About  80%  of  the  water 
eduction  is  excess  and  is  piped  to  these  large  evaporation  ponds.  The 
l>charge  is  rather  noisy  but  not  intolerable*' ^-note  the  crowd  obseiving 

operation. 


CLOSE-OUT 


Close-out  or  final  abandonment  takes  place  when  energy  production  ceases 
to  be  economic.  To  date,  no  developed  geothermal  field  has  reached  this 
stage.  In  a  sense,  geothermal  reservoirs  may  be  somewhat  renewable 
resources  in  that  after  a  long  period  of  rest,  the  fluids  may  become  re¬ 
heated  to  temperatures  that  are  again  useable. 

Two  discrete  operations  are  expected  to  take  place  during  close-out: 

(A)  Removal  of  improvements 

(B)  Restoration  of  surface 

(A)  Removal  of  Improvements 

The  Removal  of  improvements  from  a  geothermal  field  involves: 

Cl)  Surface  improvements  -  Removal  of  all  structures  constructed 
during  field  development  and  operations  will  be  accomplished. 
Solid  waste  remaining  may  either  be  disposed  of  in  a  dump 
developed  at  the  site  or  trucked  to  the  nearest  established 
dump. 

,  (2)  - Wells  -  The  bottom  of  the  hole  is  plugged  with  cement  and  the 

surface  casing  will  also  be  plugged  with  about  20  feet  of 
cement.  The  casing  will  be  cut  off  below  the  surface  and  a 
steel  plate  welded  over  the  hole.  A  vertical  steel  pipe 
and  marker  will  be  welded  to  the  plate.  The  concrete  lined 
excavation  surrounding  the  hole  [called  the  "cellar")  will  be 
pushed  in  and  the  location  may  be  graded  and  revegetated.  The 
marker  will  remain  above  ground  to  provide  identification. 

\ 

^ r  ( .3 )  Transmission  lines  -  Any  of  the  electrical  transmission  lines 
no  longer  in  use  will  be  removed. 

(B)  Restoration  of  the  Surface 

Surface  restoration  will  typically  be  a  gradual  process,  taking  place 
i  throughout  the  life  of  the  field  and  culminating  with  the  final 

abandonment.  Access  roads  can  be  ripped  up,  landscaped  and  revegetated. 
Power  lines  can  be  landscaped  and  revegetated.  Well  and  plant  locations 
'  can  similarly  be  treated  but,  because  of  their  larger  size,  complete 
.  landscaping  to  approximate  the  original  surface  in  steep  terrain  will  not 
be  feasible  except  in  unusual  circumstances.  v 
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Environmental  Controls 

- - -  ,  t  , 

Geothermal  energy  development  is  subject  to  a  wide  variety  of  environnlerital 
controls  under  the  authorities  of  two  agencies--Geological  Survey  and  BLM. 

Such  environmental  controls  are  covered  in  the  .regulation^  of  both  agencies 
^GS!  -  30  CFR  270;  BLM  ~  43  CFR  3200)  and  are  part  of  the  exploration  form  (3200-9 
and  lease  form  (3200-21) .  Additional  controls  in. the  form,  of  special  stipu¬ 
lations,  geothermal  resources  operational  orders  .  (GRO  ordeps) ,  and  approved 
operational  plans  may  also  be  used.  Bonding  is  required'  to  assure  compliance. 

Basically,  the  two  agencies  consult  throughout  the  leasing  program  and  agree 
on  any  needed  special  stipulations.  For  all  actions  up  to  and  including 
issuance  of  a  lease,  the  BLM  is  the  responsible  agency.  For  all  operational 
activities  undertaken  after  a  lease  has  been  issued,  the  Geological  Survey 
is  the  responsible  agency.  i 

■ 

Opportunities  to  attach  special  environmental  controls  occur  at  several  points: 

"<'!  '  .  * 

CA)  Notice  of  Intent  to  Conduct  Geothermal  Resource  Explorations  - 

(Form  3200-9)  -  This  form  is  filed  for  exploration  activities 
not  connected  with  a  lease.  The  BLM  District  Manager  has 
30  days  to  either  approve  or  disapprove  the  permits-  Special 
stipulations  may  be  added  if  needed.  The  Geological  Survey 
will  advise  of  any  recommended  stipulations  to  protect  sub¬ 
surface  resource  values.  A  $5,000  compliance  bond  is  required. 

(B)  Proposed  Plan  -  Prior  to  the  issuance  of  h  lease,  the  applicant  must 
file  a  proposed  plan  detailing  his  proposed  methods  for  diligent 
exploration.  Environmental  protection  measures  proposed  are 
included.  The  proposed  plan  may  alert  the  District  Manager  to 
special  problems  that  should  be  covered  by  special  stipulations 
in  the  lease.  The  Geological  Survey  will  also  review  these  plans 
and  may  furnish  additional  comments  or  information  which  may  be 
useful  for  environmental  considerations. 

However,  these  proposed  plans  are  filed  so  early  in  the  process 
that  they  will  generally  be  based  on  little  knowledge 
of  the  available  geothermal  resource  and,  hence,  will  usually 
undergo  major  changes  as  new  exploration  data  is  gathered.  They 
will  tend  to  be  written  in  broad  general  terms  commensurate 
with  the  limited  data  available.  Therefore,  they  cannot  be 
entirely  relied  upon  in  anticipating  environmental  effects. 

The  chief  value  of  the  proposed  plan  is  to  commit  the  applicant 
to  a  program  of  diligent  exploration.  Reliable  environmental 
judgments  can  be  made  later  when  an  actual  plan  of  operation  is 
filed. 
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(C)  Leases  -  Lessees  are  committed  to  a  variety  of  environmental 
controls  by  regulation  and  the  standard  lease  (Form  3200-21) 
contains  stipulations  on  protection  of  the  environment  and 
antiquities . 

Additionally,  special  stipulations  may  be  added  if  necessary. 

The  Geological  Survey  will  provide  advice  as  to  recommended 
special  stipulations  to  protect  the  subsurface  environment 
and  as  to  the  effect  of  any  proposed  BLM  special  stipulations 
on  geothermal  development. 

Two  bonds  are  required:  a  $10,000  bond  to  insure  lease 
compliance,  and  a  $5,000  bond  to  indemnify  any  damages  to 
persons  or  property.  A  $150,000  nationwide  bond  or 
$50,000  Statewide  bond  may  be  substituted. 

CD)  Geothermal  Resources  Operational  Order  (GRO  Order)  -  The  Geological 
Survey  issues  GRO  orders  which  set  forth  the  requirements  and 
procedures  to  be  followed  within  a  particular  region  or  area.  This 
allows  flexibility  to  address  conditions  which  vary  widely  from 
area  to  area.  The  BLM  District  will  be  consulted  by  Geological 
Survey  to  develop  any  needed  surface  resource  protection  requirements. 

(E)  Plan  of  Operation  -  Before  any  operations  may  commenct  on  a  lease, 
the  lessee  must  submit  a  detailed  plan  of  operation  and  gain 
approval  of  it.  Both  the  Geological  Survey  and  the  BLM  must 
approve  it . 

In  practice,  these  plans  will  tend  to  be  incremental  with 
new  phases  of  the  plan  based  on  information  gained  in  the 
preceding  phase.  They  will  be  detailed  enough  to  allow 
a  sound  environmental  assessment  prior  to  approval . 


i 


83 


' 


* 


Energy  Considerations 


U.  S.  energy  demand  is  expected  to  continue  increasing  at  a  rate  of 
3-5%  per  year.  To  keep  pace,  we  shall  either  have  to  import  more 
fuel  (iraPorts  are  currently  about  4%)  or  develop  more  domestic  sources. 
President  Nixon  has  stated  that  our  policy  goal  is  to  become  independent 
in  energy  resources  by  1980. 

All  forms  of  energy  supplement  one  another  in  the  total  energy  picture. 
Should  geothermal  energy  be  used  to  produce  electricity,  other  forms  of 
energy  (c°al>  oil,  gas)  would  be  freed  for  use  elsewhere. 

Estimates  of  our  geothermal  potential  vary  widely  but  suggest  that  by  the 
year  2000  such  energy  may  supply  5-14%  of  our  use.  This  is  a  significant 
amount  considering  that  hydroelectric  power  currently  supplies  only  about 
5%  of  the  total. 

Geothermal  energy  offers  less  environmental  impact  than  conventional 
energy  sources.  Essentially  all  of  the  impact,  with  the  exception 
of  power  lines,  is  confined  to  a  small  site.  Other  power  forms  have 
multiple  impacts:  power  dams  flood  large  acreages;  coal,  oil,  gas  and 
nuclear  sources  are  mined  in  one  place,  transported  to  another  place 
where  power  is  generated  and  then  transmitted  via  power  lines  to  the 
area  of  use. 

In  the  short  range,  geothermal  sources  stand  a  far  better  likelihood 
of  substantial  contributions  to  the  energy  pool  than  do  such  exotic 
sources  as  solar  energy,  breeder  and  fusion  reactors,  fuel  cells,  etc. 
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inomic  Considerations 


-re  are  several  ways  to  view  the  economic  implications  of  geothermal 
'elopment : 

(A)  Direct  revenues 

(B)  Indirect  revenues 

(C)  Direct  expenditures 

(D)  Indirect  expenditures 

« 

l'  Direct  Revenues 

Lease  rentals  and  royalties  are  distributed  as  follows: 

$5%  -  U.  S.  Bureau  of  Reclamation 
5%  -  State  of  Nevada 

(1)  Rentals  -  Each  lease  brings  in  $  1/acre  per  year  annual  rental 
(minimum)  which  increases  on  a  graduated  basis  after  the  fifth 
year.  Advance  rentals  filed  during  the  first  three  months 

of  filing  in  Nevada  total  1.7  million  dollars. 

(2)  Royalties  -  When  production  is  reached,  royalties  of  10-15% 
of  the  value  of  the  steam  are  assessed.  Royalties  up  to  5% 
are  also  paid  on  by-product  minerals,  including  commercial 
demineralized  water. 

At  the  Geysers,  a  royalty  of  10%  of  the  steam  value  is  paid 
to  private  landowners.  The  royalty  averages  about  $250,000 
per  year  per  100  MW  plant.  With  400  MW  capacity,  the  royalty  is 
about  1  million  dollars  per  year  from  a  production  area 
about  two  miles  wide  by  seven  miles  long. 

C3)  Bonus  Bids  -  On  competitive  lease  sales,  bonus  bids  are  an 
additional  source  of  revenue.  In  the  first  federal  lease 
sale  held  in  California  on  January  22,  1974,  twenty  leasing 
units  were  bid  on  with  57  bids  totalling  $12-1/2  million. 

The  highest  bid  for  a  single  leasing  unit  was  $3,200,000, 
which  amounts  to  $1,367.50  per  acre  for  the  2,340  acre  unit. 

\)  Indirect  Revenues 


Taxation  by  State  and  local  subdivisions  accounts  for  an 
additional  increment  of  revenue.  Taxes  paid  to  Sonoma 
Co.  from  the  Geysers  approximate  $1  million  per  year  for 
the  current  400  MW  capacity. 
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Dr.  Robert  W.  Rex,  President  of  Republic  Geothermal  Inc., 
in  remarks  to  the  Sub -Committee  on  Energy,  Committee  on 
Science  and  Astronautics,  U.  S.  House  of  Representatives, 
on  September  18,  1973,  said  in  part  "...Every  1000  megawatts 
of  goethermal  development  on  Federal  lands  yield  about 
$1  billion  of  public  revenue;  73%  to  the  Federal  government, 

11%  to  State  governments  which  have  income  taxes... and  18%  to 
County  governments. 

(C)  Direct  Expenditures 

Development  of  a  110  MW  plant  costs  $15-17.5  million  at 
the  Geysers.  Individual  wells  cost  about  $150,000-$200,000 
each. 

(D)  Indirect  Expenditures 

The  local  business  community  will  be  affected  by  geothermal 
development,  both  by  increased  business  and  by  having  to 
provide  additional  services.  , 

During  exploration  drilling,  two  drilling  rigs  might  be 
used  for  1-2  years.  Employees  would  consist  of  about 
40  people  directly  involved  in  drilling,  with  10-20  additional 
•  service  people  intermittently  involved. 

»  Development  would  advance  in  55-110  MW  increments  in  an 
orderly  fashion  over  a  period  of  2-10  years.  Drill  crews 
for  2-3  rigs  would  number  40-60,  and  20-30  additional  people 

■  would  be  involved  in  plant  construction.  All  of  the  above 
personnel  would  be  temporary. 

Once  the  field  is  operating  on  stream,  about  five  (5)  permanent 
employees  are  needed  for  field  production  plus  five  (5)  more 
for  each  110  MW  plant.  One  drilling  rig  would  be  needed  full 
time,  adding  20  more  permanent  employees  to  the  area. 

Thus,  for  several  years,  a  local  community  would  be  burdened 
f  with  providing  necessary  school  and  service  facilities  for 
between  40  and  90  additional  temporary  families.  There- 

■  after,  30  or  more  families  would  become  permanent  residents, 
also  requiring  services. 

In  the  short  run,  communities  near  a  geothermal  development 
would  be  financially  strained.  However,  such  development  is 
capital  intensive  and  in  a  few  years  the  increased  tax  base 
should  be  much  greater  than  community  expenditure  on  a 
per  capita  basis  of  additional  residents. 
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Buffalo  Valley  KGRA.  Thermal  Springs  in  foreground  in 
salt  grass  flat.  Extinct  dissected  cinder  cone  in 
background 


Thermal  Spring  in  Buffalo  Valley 


Western  Whiptail  at  Small  Thermal  Spring  in  Buffalo  Valley 


■  -  r--~.  ^ 


Tracks  left  by  AEC  resistivity  crews  in  Buffalo  Valley 
Hot  Springs  Area. 


Thermal  Springs  at  Hot  Springs  Point,  Grass  Valley  showing 
livestock  usage  (note :  trampling  in  outer  margin  of  spring 
and  manure  on  ground) 
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Wild  Horses  &  domestic  livestock  intermingled  at  thermal  spring 
in  Grass  Valley 


' 


Particulate  matter  (dust)  generated  by  passage  of  livestock 
truck  on  unpaved  state  Highway  21,  in  Grass  Valley. 


Blowing  Geothermal  Well  at  Beowawe, 
the  site  of  a  Natural  Geyser 


drilled  by  Magma  Power  at 


EXCLOPED  A  EE/I  S 


APPENDIX  B 
EXCLUDED  AREAS 


Shoshone  Resource  Area 


T.  32N. , 

R.  44E. 

34,35,36 

T.  3 IN. , 

R.  43E. 

•  5-8,17-20 

T.  3 IN. , 

R.  44E. 

1-3,10-12 

T.  3 IN. , 

R.  46E. 

12,13,24,25 

T.  31N. , 

R.  47E. 

7,18,19,30 

T.  30N. , 

R.  45E. 

13,14,23-26,35,36 

T.  30N. , 

R.  46E. 

7-9,10-18 

T.  30N. , 

R.  47E. 

19-21,20-33 

T.  29N. , 

R.  44E. 

36  * 

T.  29N. , 

R.  45E. 

•  4,5,6,7-9,16-21,28-33 

T.  28N. , 

R.  4 IE. 

8,9,16,17,20,21,28,29,32,33 

T.  28N. , 

R.  44E. 

1 

T.  28N. ,' 

R.  45E. 

4-6 

T.  27N. , 

R.  43E. 

13, 24, 25  ,<56 

T.  27N. , 

R.  44E. 

18,19,30,31 

T.  26N. , 

R.  43E. 

1,12 

T.  26N. , 

R.  44E. 

6,7 

T.  25N. , 

R.  42E. 

36 

T.  25N. , 

R.  43E. 

.  31 
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T.  18N. , 

R.  41E. 

25,34-36 

T.  1SN. , 

R.  42E. 

1,2,9-12,13-17,19-21,23,24-26,30,35,36 

T.  18N. , 

R.  43E. 

6 

T.  17N. , 

R.  40E. 

12,13,24-26,35,36 

T.  17N. , 

R.  41E. 

2-10,18 

T.  17N. , 

R.  42E. 

1,2,11,14,15,22,23,27,28,32,33,34 

T.  16N. , 

R.  3SE. 

7-11,13-15,18,22-24 

T.  16N. , 

R.  39E. 

13-24 

T.  16N. , 

R.  40E. 

2-4, 8-10, W  1/2  16, 17-19, W  1/2  20 

T.  16N. , 

R.  41E. 

13, 14, 23-26, E  1/2  27,34,35 

T.  15N, , 

R.  4 IE. 

W  1/2  2,3,E  1/2  4,E  1/2  9,10,15,16,21,22,23, 
E  1/2  29,  32,33 

T.  14N. , 

R.  40E. 

25,26,35,36 

• 

T.  14N. , 

R.  4 IE.  • 

.  5-8, 17, 18, 22, E  1/2  30 
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LEGEND  -  Symbols  1:250000  Maps 


Boundary  of  EAR  Area 


Exclude  Area 

Further  environmental  studey 
required  prior  ro  leasing 


Boundary  of  Indian  Pinon  nut  Area. 
Leases  within  area  to  be  co-ordinated 
with  tribal  council. 


I  OS  ANGELES 


SPECIAL  STIPULATIONS 


The  following  stipulations  should  be  attached  to  all  leases  in  the 

Shoshone  Resource  Area: 

1.  The  certified  statement  required  by  section  IS  of  the  lease  form  must 
be  completed  by  a  qualified  archaeologist  who  is  acceptable  to  the 
authorized  officer. 

2.  Springs  and  water  developments  on  Federal  Land  may  be  used  only  with 
the  prior  written  approval  of  the  authorized  officer. 
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Bureau  of  Land  Management 
Library 

Denver  Service  Centep 


*  i  Bnd  Management 

BureaU  01  Library  ^ 

nanvet  Service  Con 


BLM  Library 
Denver  Federal  Cen 

Bldg.50,OC-521 

P.O.  Box  25047 
Denver,  CO  80225 


